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Subject; Docket No. 2008-0273 - Feed-In Tariffs Investigation 
Hawaiian Electric Companies' Responses to Information Requests 

Attached are the Hawaiian Electric Companies'' responses to the information 
requests prepared by the Commission's consultants, the National Regulatory Research 
Institute and the National Renewable Energy Laboratory, dated February 19, 2010. 

The response to PUC-IR-304 includes voluminous documents. One paper copy of 
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voluminous documents are being provided to the other parties and the Commission via 
compact disc or email. 
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cc: Distribution List 

' Hawaiian Electric Company, Inc., Hawaii Electric Light Company, Inc., and Maui Elecu-ic Company, 
Limited are collectively referred to as the "Hawaiian Electric Companies." 
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PUC-IR-301 
Please list each of the model inputs used to calculate each of the proposed rates in the 
HECO Companies' proposed Tier 1 and Tier 2 Tariff and Agreement. For each input, please 
provide references for the source of the data. (For example, site the source of any data used 
for solar PV modules.) For each of the following that the HECO Companies do not include in 
calculations, please describe why it was not considered. Inputs should include but not be 
limited to the following; 

(a) Capital purchase costs 
(b) Land 
(c) Transportation costs 
(d) Installation costs (labor) 
(e) Economic life 
(f) Depreciation term 
(g) Income tax rate and calculations 
(h) Annual operating cost 
(i) Weighted average cost of capital 
(j) Insurance costs 
(k) Salvage/cleanup costs at the end of useful life 
(1) Interconnection costs (net of metering) 
(m) Interconnection Requirements Study costs 
(n) Meter costs 
(0) Annual capacity factor 
(p) Degradation factor 
(q) Sales tax 
(r) Propeity taxes 
(s) Permitting costs 
(t) Engineering costs (other than interconnection studies) 

HECO Companies Response; 

(a) Capital purchase costs 

A detailed narrative of capital purchase cost benchmarking has been provided in the January 21, 
2010 filing "HECO Comments on Alternative FiT Tariff. For PV resources, please see page 6. 
For On-Shore Wind resources, pleases see page 8. For In-Line Hydro resources, please see page 
9. For CSP resources, please see page 10. 

(b) Land 

The assumptions for land costs are contained in the appendices of the "HECO Comments on 
Alternative FiT Tariff. 

Land costs for PV systems were assumed to be roof rental costs given the size of the projects 
within Tiers 1 and 2. A roof rental cost assumption of $0.10/square foot/year was used. The 
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sources of roof rental costs are discussed in more detail on page 7 of HECO's "Schedule FIT 
Tier 1 and Tier 2 Tariff and Agreement" filed on January 7, 2010. For actual scenario 
assumptions, please see the PV Tier 1 Attachment 4 at pages 37-47 and the PV Tier 2 
Attachment 4 at pages 48-58. 

For wind resources, land leases are typically 2-4% of annual revenue (based upon information 
available from the American Wind Energy Association A WE A). For Hawaii, the analysis 
assumed that land lease costs would be at the top end of that range. For actual scenario 
assumptions, please see the Wind Tier 1 Attachment 4 at page 112. For Wind Tier 2 resources, 
please see Attachment 4 at page 126. 

A narrative description discussing the land cost assumptions for CSP can be found in HECO's 
January 7, 2010 submittal to the Commission, "HECO Companies Schedule FIT Tier 1 and Tier 
2 Tariff on page 10. The assumptions that were made include $10,000/acre per year lease for 
trough and dish projects. From the available project data, trough systems are assumed to require 
3 acres for a 500kW system. Dish systems are assumed to require 1 acre for a 500kW system. 
The land cost assumptions are scaled for the size of the project with CPV systems having the 
same roof rental assumptions as PV. For actual scenario assumptions, please see the "HECO 
Comments on Alternative FiT Tariff. For CSP Tier 1 systems, please see Attachment 4 at page 
8. For CSP Tier 2 systems, please see Attachment 4 at page 26. 

For In-Line Hydro systems, the pricing analysis assumes a land lease between 2-4% of revenue. 
For the actual scenario assumptions, please see the "HECO Comments on Alternative FIT 
Tariff. For In-Line Hydro Tier 1 projects, please see Attachment 4 at page 85. For In-Line 
Hydro Tier 2 systems, please see Attachment 4 at page 98. 

(c) Transportation costs 

Transportation costs were assumed to be 5% of the equipment cost for all technologies. This 
information was drawn from the Black & Veatch IRP-3 supply-side portfolio update report (May 
2005). In addition, the analysis added the 4.72% Hawaii excise tax. 

(d) Installation costs (labor) 

Installation costs are included in the capital costs for each technology. Please refer to the 
response to part a) of this information request. 

(e) Economic life 

The economic life or "system life" (as it is referred in the excel model) matches the debt term of 
the project. The economic life is therefore 20 years for all projects. The economic life 
assumption is included in model runs in the appendices to the January 21, 2010 filing "HECO 
Comments on Alternative FIT Tariff. vFor CSP Tier 1 projects, please see Attachment 4 at page 
8. For CSP Tier 2 projects please see Attachment 4 at page 26. For PV Tier 1 projects, please 
see Attachment 4 at page 38. For PV Tier 2 projects, please see Attachment 4 at page 49. For 
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In-Line Hydro Tier 1 projects, please see Attachment 4 page at page 85. For In-Line Hydro Tier 
2 projects, please see Attachment 4 at page 98. For On-Shore Wind Tier 1 projects, please see 
Attachment 4 at page 112. For On-Shore Wind Tier 2 projects, please see Attachment 4 at page 
126. 

(f) Depreciation term 

The depreciation term is included in the model runs and is shown in the appendices to the 
January 21, 2010 filing "HECO Conmients on Alternative FIT Tariff. 5-year MACRS 
depreciation was assumed for all the technologies [IRS code: 26 USC § 168(e)(3)(B)(vi)]. For 
CSP Tier 1 projects, please see Attachment 4 at page 8. For CSP Tier 2 projects, please see 
Attachment 4 at page 26. For PV Tier I projects, please see Attachment 4 at page 38. For PV 
Tier 2 projects, please see Attachment 4 at page 49. For In-Line Hydro Tier 1 projects, please 
see Attachment 4 at page 85. For In-Line Hydro Tier 2 projects, please see Attachment 4 at page 
98. For On-Shore Wind Tier 1 projects, please see Attachment 4 at page 112. For On-Shore 
Wind Tier 2 projects, please see Attachment 4 at page 126. 

(g) Income tax rate and calculations 

The income tax rates (state and federal) are included in the model runs and are shown in the 
appendices to the January 21, 2010 filing "HECO Comments on Alternative FIT Tariff. For 
CSP Tier 1 projects, please see Attachment 4 at page 8. For CSP Tier 2 projects, please see 
Attachment 4 at page 26. For PV Tier 1 projects, please see Attachment 4 at page 38. For PV 
Tier 2 projects, please see Attachment 4 at page 49. For In-Line Hydro Tier 1 projects, please 
see Attachment 4 at page 85. For In-Line Hydro Tier 2 projects, please see Attachment 4 at page 
98. For On-Shore Wind Tier 1 projects, please see Attachment 4 at page 112. For On-Shore 
Wind Tier 2 projects, please see Attachment 4 at page 126. 

(h) Annual operating cost 

In-Line Hydro operating costs were entered as a consolidated fixed cost of $50/kW-yr which is 
the middle of the range provided for in-conduit hydro systems in KEMA's 2009 Cost of 
Generation Study. The KEMA study found that consolidated operating costs for community 
wind range from $15-$45/kW-yr. The scenario analysis used the higher end of the range from 
$25-$45/kW-yr because of Hawaii's higher labor costs. CSP operating cost assumptions were 
taken from technology specific reports. The dish operating cost assumptions ($80-$100/kW-yr) 
came from Navigant's Arizona Solar Electric Roadmap Study. The study can be found at the 
following link: 
(http;//www.azcommerce.com/doclib/energv/az solar electric roadmap study full report.pdf) 
The trough operating cost assumptions ($71-$76/kW-yr) came from Sopogy, one of the 
stakeholder parties, and the costs are similar to the range of operating costs seen in the Arizona 
Solar Electric Roadmap Study. CPV operating cost assumptions were entered as a consoUdated 
fixed cost of $50/kW-yr. This assumption was drawn from a study by ORNL and increased to 
reflect higher Hawaii costs (www.oml.gov/solarsummit/JXcrvstals.pdf). PV operating costs were 
entered as a consolidated fixed cost of $22 - $28/kW/year for Tier 1 systems and $ 17 -

http://www.azcommerce.com/doclib/energv/az
http://www.oml.gov/solarsummit/JXcrvstals.pdf
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$22/kW/year for Tier 2 systems. These O&M assumptions were taken from non-public 
independent engineering reports and corroborated by solar industry representatives in the 
proceeding. The detailed inputs are outlined in the appendices to the "HECO Comments on 
Alternative FIT Tariff on pages 37-58 of Attachment 4, as described more fully below. 

The specific annual operating costs are included in the model runs and shown in the appendices 
to the January 21'* filing "HECO Comments on Alternative FTT Tariff. For CSP Tier 1 projects, 
please see Attachment 4 at page 8. For CSP Tier 2 projects, please see Attachment 4 at page 26. 
For PV Tier 1 projects, please see Attachment 4 at page 38. For PV Tier 2 projects, please see 
Attachment 4 at page 49. For In-Line Hydro Tier 1 projects, please see Attachment 4 at page 85. 
For In-Line Hydro Tier 2 projects, please see Attachment 4 at page 98. For On-Shore Wind Tier 
1 projects, please see Attachment 4 at page 112. For On-Shore Wind Tier 2 projects, please see 
Attachment 4 at page 126. 

(i) Weighted average cost of capital 

Debt percentage, Debt rate, and Cost of Equity are included for each technology in the model 
runs in the appendices to the January 21, 2010 filing "HECO Comments on Alternative FIT 
Tariff. For CSP Tier 1 projects, please see Attachment 4 at page 8. For CSP Tier 2 projects, 
please see Attachment 4 at page 26. For PV Tier 1 projects, please see Attachment 4 at page 38. 
For PV Tier 2 projects, please see Attachment 4 at page 49. For In-Line Hydro Tier 1 projects, 
please see Attachment 4 at page 85. For In-Line Hydro Tier 2 projects, please see Attachment 4 
at page 98. For On-Shore Wind Tier 1 projects, please see Attachment 4 at page 112. For On-
Shore Wind Tier 2 projects, please see Attachment 4 at page 126. 

(j) Insurance costs 

Insurance costs are included for each technology in the model runs. The insurance costs were 
obtained from industry quotes. 

Specific assumptions for each scenario run are provided in the appendices in the January 21, 
2010 filing "HECO Comments on Alternative FIT Tariff. For CSP Tier 1 projects, please see 
Attachment 4 at page 8. For CSP Tier 2 projects, please see Attachment 4 at page 26. For PV 
Tier 1 projects, please see Attachment 4 at page 38. For PV Tier 2 projects, please see 
Attachment 4 at page 49. For In-Line Hydro Tier 1 projects, please see Attachment 4 at page 85. 
For In-Line Hydro Tier 2 projects, please see Attachment 4 at page 98. For On-Shore Wind Tier 
1 projects, please see Attachment 4 at page 112. For On-Shore Wind Tier 2 projects, please see 
Attachment 4 at page 126. 

(k) Salvage/cleanup costs at the end of useful life 

The model did not include salvage/cleanup costs as these values/costs are not included in typical 
financing and thus were not accounted for in the defined cost of technology analysis. These costs 
may be considered on a societal cost basis. 
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(I) Interconnection costs (net of metering) 

No interconnection costs outside of metering costs were included since it was assumed that the 
typical customer would have existing service and therefore, an existing transformer would be 
utilized. 

(m) Interconnection Requirements Study costs 

It is anticipated that the typical Oahu based Tier 1 and Tier 2 projects will not require an 
interconnection study. 

(n) Meter costs 

The HECO Companies are assuming responsibility for meter costs for the Tier 1 and Tier 2 
project sizes (please see Attachment 4 of the January 21, 2010 filing "HECO Comments on 
Alternative FIT Tariff, at page 37). 

(0) Annual capacity factor 

A narrative description of the capacity factor analysis is included in the January 21, 2010 filing 
"HECO Comments on Alternative FIT Tariff. For PV resources, please see page 6. For On-
Shore Wind resources, please see page 7. For In-Line Hydro resources, please see page 9. For 
CSP resources, please see page 10. 

(p) Degradation factor 

The degradation factor assumptions are included in the January 21, 2010 filing "HECO 
Comments on Alternative FIT Tariff. For PV Tier 1 resources, please see Attachment 4 at page 
37. For PV Tier 2 resources, please see Attachment 4 at page 48. For CSP Tier 1 resources, 
please see Attachment 4 at page 1. For CSP Tier 2 resources, please see Attachment 4 at page 
26. On-Shore Wind and In-Line Hydro resources do not have system degradation factors. 
However, wind capacity factor assumptions include average system losses over the life of the 
project for repairs, turbulence, blade contamination, etc. 

(q) Sales tax 

Sales tax assumptions are outlined in the January 21, 2010 filing "HECO Comments on 
Alternative FIT Tariff. For CSP Tier 1 resources, please see Attachment 4 at page 8. For CSP 
Tier 2 resources, please see Attachment 4 at page 26. For PV Tier 1 resources, please see 
Attachment 4 at page 38. For PV Tier 2 resources, please see Attachment 4 at page 49. For In-
Line Hydro Tier 1 resources, please see Attachment 4 at page 85. For In-Line Hydro Tier 2, 
please see Attachment 4 at page 98. For On-Shore Wind Tier I resources, please see Attachment 
4 at page 112. For On-Shore Wind Tier 2 resources, please see Attachment 4 at page 126. 
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(r) Property taxes 

Property tax assumptions are outlined in the January 21, 2010 filing "HECO Comments on 
Alternative FIT Tariff. For PV Tier 1 resources, please see Attachment 4 at page 37. For PV 
Tier 2 resources, please see Attachment 4 at page 48. For CSP Tier 1 resources, please see 
Attachment 4 at page 1. For CSP Tier 2 resources, please see Attachment 4 at page 26. For On-
Shore Wind Tier 1 resources, please see Attachment 4 at page 108. For On-Shore Wind Tier 2 
resources, please see Attachment 4 at page 122. For In-Line Hydro Tier 1 resources, please see 
Attachment 4 at page 81. For In-Line Hydro Tier 2 resources, please see Attachment 4 at page 
93. 

(s) Permitting costs 

Permitting costs are included in total capital costs. Please refer to the response to part a) of this 
information request. 

(t) Engineering costs (other than interconnection studies) 

Engineering costs are included in total capital costs. Please refer to the response to part a) of this 
information request. 
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PUC-IR-302 
Please provide the basis for the 9% discount rate used to calculate levelized rates in 
Attachment 4 of HECO's Comments on the Alternative FIT Tariff and Standard Agreement. 
Provide a full and detailed narrative explanation, including citations when available, supporting 
the used discount rate. Specifically, why should the discount rate not equal the overall rate of 
return? 

HECO Companies Response; 

The 9% discount rate is based on the weighted average cost of capital for the assumed financing 

costs assuming a 40% combined federal/state income tax rate; 

Debt 
Equity 

Weighted Average 

Proportion 
35% 
65% 

Cost Pretax 
9% 
11% 

Cost After tax 
5.4% 
11% 
9.0% 

The discount rate in the model is used to determine the energy price. This energy price (and 

resulting revenue) supports both debt and equity costs incurred by the developer, not only the 

overall rate of return on equity. 
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PUC-IR-303 
According to page 7 of the HECO Companies' proposed Tier 1 and Tier 2 Tariff and Agreement; 

"Hawaiian Electric Companies focused on the higher end of both size ranges 
(20 kW for Tier 1 and 500 kW for Tier 2) to set the tariff at a rate that will facilitate 
the development of projects but also take advantage of economies of scale." 

(a) Describe how HECO modeled both the costs and the performance associated with these 
larger-scale projects. 

(b) Would Tier 1 solar rates be sufficient to facilitate residential PV solar projects that are 
typically between 5 and 10 kW? Please provide comparative calculations for the 7-kW 
projects. 

(c) Would Tier 2 rates facilitate commercial rooftop solar PV projects (most of which would 
be larger than 20 kW but smaller than 500 kW)? Please provide comparative calculations 
for the 100-kW projects. 

(d) Explain why 500 kW is likely to be the size for most Tier 2 projects. 

HECO Companies Response: 

(a) HECO determined a range of costs and performance data for these PV projects as 

outlined on page 7 of "Schedule FIT Tier 1 and Tier 2 Tariff and Agreement," filed on 

January 7, 2010 and on pages 6 and 7 of "Comments on Alternative FIT Tariff and 

Standard Agreement," filed on January 21, 2010. As described on page 6 of the 

"Schedule FIT Tier 1 and Tier 2 Tariff and Agreement," the projects were modeled using 

a publicly-available Levelized Cost of Energy (LCOE) spreadsheet tool. 

(b) Tier 1 rates were set to facilitate the development of projects across the range of Tier 1 

project sizes (0 - 20 kW) while taking advantage of the economies of scale typically seen 

in projects at the larger end of the range. A 7 kW PV project could range widely in 

capital costs depending on roof condition, location, etc. Accordingly, HECO has 

presented a wide range of costs for a 20 kW project in its filing. The rate was set to 

encourage the efficient deployment of PV systems without being unduly burdensome to 

the ratepayers. 

(c) Tier 2 rates were set to facilitate the development of projects across the range of Tier 2 
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project sizes (20 - 500 kW) while taking advantage of the economies of scale typically 

seen in projects at the larger end of the range. A 100 kW PV project could range widely 

in costs depending on roof condition, location, etc. Accordingly, HECO has presented a 

wide range of costs for a 500 kW project in its filing. The rate was set to encourage the 

efficient deployment of PV systems without being unduly burdensome to the ratepayers. 

(d) There are expected to be projects across the range of Tier 2 project sizes. Smaller 

projects within the Tier 2 range can be efficiently deployed to accept the proposed FiT 

rate. Conversely, basing the rates upon typical projects at the smaller end of the range 

could result in unacceptable windfalls to developers of projects at the larger end of the 

range, at ratepayer expense, and could in fact drive developers to the larger end of the 

range at the expense of development of smaller projects. 
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PUC-IR-304 
Please provide the following reports cited on page 8 of the HECO Companies' proposed Tier 1 
and Tier 2 Tariff and Agreement 
(a) Black & Veatch for NREL 
(b) 2006 Navigant for Arizona's Solar Electric Roadmap 

HECO Companies Response; 

(a) See Attachment 1. In addition, the requested document can also be found at the website 

shown below. 

NREL CSP Analysis - Black & Veatch (2006); http;//www.nrel.pov/docs/fv06osti/39291.pdf 

(b) See Attachment 2. In addition, the requested document can also be found at the website 

shown below. 

The AZ Roadmap report by Navigant; 
('http;//www.azcommerce.com/doclib/energy/a2 solar electric roadmap study full report.pdf) 

http://www.nrel.pov/docs/fv06osti/39291.pdf
http://www.azcommerce.com/doclib/energy/a2
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NOTICE 

This report was prepared as an account of work sponsored by an agency of the United States government. 
Neither the United States government nor any agency thereof, nor any of their employees, makes any 
warranty, express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process disclosed, or represents that Its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, process, or service by 
trade name, trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States government or any agency thereof. The views and 
opinions of authors expressed herein do not necessarily state or reflect those of the United States 
government or any agency thereof. 

Available electronically at http://www.osti.qov/bridae 

Available for a processing fee to U.S. Department of Energy 
and its contractors, in paper, from: 

U.S. Department of Energy 
Office of Scientific and Technical Information 
P.O. Box 62 
Oak Ridge, TN 37831-0062 
phone: 865.576.8401 
fax: 865.576.5728 
email: mailto:reports[S)adonis.osti.aoy 

Available for sale to the public, in paper, from: 
U.S. Department of Commerce 
National Technical Information Service 
5285 Port Royal Road 
Springfield, VA 22161 
phone: 800.553.6847 
fax: 703.605.6900 
email: orders@ntis.fedworld.qov 
online ordering: http://www.ntls.aov/orderina.htm 

This publication received minimal editorial review at NREL 

f ^ ^ Printed on paper containing at least 50% wastepaper, Including 20% postconsumer waste 

http://www.osti.qov/bridae
mailto:reports%5bS)adonis.osti.aoy
mailto:orders@ntis.fedworld.qov
http://www.ntls.aov/orderina.htm
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Executive Summary 

Executive Summary 

This study provides a summary assessment of concentrating solar power (CSP) 

and its potential economic return, energy supply impact, and environmental benefits for 

the State of Califomia. Emphasis was placed on in-state economic impact in terms of 

direct and indirect employment created by the manufacture, installation, and operation of 

CSP plants. The environmental impact of CSP relative to natural gas fueled counterparts 

was studied. The value of CSP as a hedge against natural gas price increases and 

volatility was also analyzed. 

Black & Veatch chose a 100 MW parabolic trough plant with 6 hours of storage as 

the representative CSP plant to focus the results of the study. Cumulative deployment 

scenarios of 2,100 MW and 4,000 MW between 2008 and 2020 were assumed. Based on 

estimates provided by the National Renewable Energy Laboratory (NREL), fiiture CSP 

technology improvements were incorporated into the study by assuming that 150 MW 

and 200 MW plants would be constructed starting in 2011 and 2015, respectively. The 

NREL estimates include reduced installed costs over time as a result of technology 

learning and increased construction efficiency. The levelized cost of electric production 

was calculated for each CSP plant. 

There are indications that recently bid trough plants may have somewhat lower 

capital costs than those used in this report; however, these data are not publicly available. 

Overall, while lower capital costs can somewhat lower the economic impact in 

Califomia, the decrease is not expected to significantly change the conclusions of this 

report. 

Currently (and for the foreseeable future), natural gas fueled combustion turbine 

based power plants are the most frequent choice for new power plants in Califomia. As 

suggested in Table ES-1, the utility electric supply needs served by simple cycle and 

combined cycle plants tend to be those that might be served by CSP with storage. Thus, 

these two gas technologies are identified as conventional technology benchmarks for 

comparison of CSP competitiveness and economic impacts. 

Table ES-1 
Power Plant Characteristics 

Simple Cycle 

Combined Cycle 

CSP with 6 Hours Storage 

Typical Size 

85 MW 

500 MW 

100 to 200 MW 

Typical Duty 

Peaking 

Intermediate 

Intermediate or Peaking 

Capacity Factor 

10 percent 

40 percent 

40 percent 
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A comparison of the levelized cost of energy (LCOE) revealed that the LCOE of 

$148 per MWh for the first CSP plants installed in 2009 is competitive with the simple 

cycle combustion turbine at an LCOE of $168 per MWh, assuming that the temporary 

30 percent Investment Tax Credit is extended. The LCOE for the CSP plant is higher 

than the $104perMWhLCOEof the combined cycle combustion turbine plant.' 

The economic impacts of CSP construction and operation were estimated with 

standard economic tools. Black & Veatch used the Regional Input-Output Modeling 

System (RIMS II) developed and maintained by the US Bureau of Economic Analysis. 

This analysis revealed that each 100 MW of CSP results in 94 permanent operations and 

maintenance jobs compared to 56 and 13 for combined cycle and simple cycle 

combustion turbine plants, respectively. In terms of economic retum, for each 100 MW 

of installed capacity, the CSP plant was estimated to create about $628 million in impact 

to gross state output compared to an impact of about $64 million for the combined cycle 

plant and $47 million for the simple cycle plant. The higher CSP state economic impacts 

are due, in part, to the greater capital and operating costs of CSP plants. However, 

irrespective of plant cost, it should be noted that a greater percentage of each CSP 

investment dollar is returned to Califomia in economic benefits. For each dollar spent on 

the installation of CSP plants, there is a total impact (direct plus indirect impacts) of 

about $1.40 to gross state output for each dollar invested compared to roughly $0.90 to 

$1.00 for each dollar invested in namral gas fiieled generation. 

For plants installed in the latter stages of the deployment scenarios, CSP cost 

reductions become evident and the solar technology becomes a potentially competitive 

choice for both peaking and intermediate duty cycles. As shown in Table ES-2, CSP 

plants installed in 2015 are projected to exhibit a delivered LCOE of $115/MWh,^ 

compared with $l68/MWh for the simple cycle combustion turbine and $104/MWh for 

combined cycle plants. At a natural gas price of about $8 per MMBtu, the LCOE of CSP 

and the combined cycle plants at 40 percent capacity factor are equal.^ Note that this 

analysis does not assume improvements to combustion turbine power generation 

technology, which were outside the scope of this study. However, assuming that 

improvements to combustion turbine power generation efficiency and cost are likely to be 

modest, the LCOE of CSP in 2015 is likely to be competitive with combustion turbine 

power generation technologies. 

' These prices use the Califomia Market Price Referent (MPR) gas price forecast, which is equivalent to 
$6.40/MMBtu escalated at 2.5 percent annually. All dollars are $2005. 
^ With the permanent 10 percent ITC. With the 30 percent ITC, the cost drops to $103/MWh. 
^ The MPR gas forecast for 2015 is $8/MMBtu. Futures prices on NYMEX were well above $ 10/MMBtu 
for the last four months of 2005, and are down to roughly $7.50/MMBtu as of April 1, 2006. 
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Table ES-2 
Delivered Levelized Energy Cost and Economic Impacts for CSP 

and Gas Technologies in 2015 ($2005) 

Simple Cycle* 

Combined Cycle* 

CSP with 6 Hours Storage** 

Delivered 
Energy Cost 

$187/MWh 

$119/MWh 

$115/MWh 

Permanent Jobs, 
per 100 MW 

13 

56 

94 

GSP, Smillion 
per 100 MW 

$47 

$64 

$628 

*The 2015 MPR natural gas price of $8.00 per MMBtu escalating at 2.5 percent annually was 
used. 
**CSP assumes permanent 10 percent ITC. 

CSP is a fixed cost generation resource - that is the cost of generating each MWh 

of electricity is primarily dependent on the capital cost of the facility, rather than on fuel 

costs as is the case with natural gas fueled generation. Therefore, installation of more 

fixed-cost generation on the Califomia electric system could reduce the effect on 

electricity prices resulting from natural gas price increases and volatility. This is relevant 

to current generation investment decisions because of recent namral gas price volatility 

and price increases as shown on Figure ES-1. 

-1 1 r 1 1 1 1 1 1 r 

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 

Figure ES-l 
Califomia Electric Power Sector, Annual Average Natural Gas Prices, $ per Mcf 

(Source: Energy Information Administration)'' 

* Data for 2005 is for January through November only. Data found at www.eia.doe.gov. 
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Recent studies have suggested that the installation of CSP, wind or other non-gas 
plants in lieu of new natural gas fueled generators can relieve a portion of the demand 
pressure behind gas price volatility. Lawrence Livermore Laboratory and others suggest 
that the natural gas price could decline by one to four percent for each change of 
1 percent in demand. The 4,000 MW high deployment scenario could result in a savings 
of $60 million per year for natural gas in Califomia for a 1 percent price reduction for a 
1 percent usage reduction. At the higher price impact range, the Califomia savings could 
be four times greater. 

Power generation with CSP technology does not result in any significant air 
emissions compared with a business as usual approach. Therefore, if the installation of 
CSP avoids the installation of new natural gas fueled power stations or avoids the 
operation of existing power stations, there would be a net reduction in air emissions in 
Califomia. Using the natural gas combined cycle plant - the cleanest, most efficient 
fossil technology - as a proxy, data for criteria air emissions reductions were developed. 
For the 4,000 MW deployment scenario, at least 300 tons per year of NOx and 7.6 million 
tons per year of CO2 would be avoided. If the fossil displacement is simple cycle gas 
turbines or coal fû ed plants, these values would be larger. 

Black & Veatch has made the following conclusions about the deployment of CSP 
from this analysis: 

• Califomia has high quality solar resources sufficient to support far more 

CSP than either the 2,100 MW or 4,000 MW scenarios analyzed. 

• Depending on the CSP plant interconnection point and the load profile of 

the local electricity provider, CSP with 6 hours of storage could perform 

peaking and/or intermediate generation roles for a utility. 

• Investment in CSP power plants delivers greater retum to Califomia in 

both economic activity and employment than corresponding investment in 

natural gas equipment: 

Each dollar spent on CSP contributes approximately $1.40 to 

California's Gross State Product; each dollar spent on natural gas 

plants contributes about $0.90 - $1.00 to Gross State Product. 

The 4,000 MW deployment scenario was estimated to create about 

3,000 permanent jobs from the ongoing operation of the plants. 

• Operations period expenditures on operations and maintenance for CSP 

create more permanent jobs than altemative natural gas fueled generation. 

For each 100 MW of generating capacity, CSP was estimated to generate 

94 permanent jobs compared to 56 jobs and 13 jobs for combined cycle 

and simple cycle plants, respectively. 
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• Energy delivered from early CSP plants (startup in 2007) costs more than 

that delivered from natural gas combined cycle plants^ ($157 per MWh vs. 

$104 per MWh, based on a 30 percent ITC for CSP). With technology 

advancements, improvements to CSP construction efficiency, and with 

higher gas prices consistent with 2015 MPR projections, CSP becomes 

competitive with combined cycle power generation ($115 per MWh vs. 

$119 per MWh, even with the permanent 10 percent ITC). Most of the 

economic and employment advantages are still retained. 

• CSP plants are a fixed-cost generation resource and offer a physical hedge 

against the fluctuating cost of electricity produced with natural gas. 

• Each CSP plant provides emissions reductions compared to its natural gas 

counterpart; the 4,000 MW scenario in this study offsets at least 300 tons 

per year of NOx emissions, 180 tons of CO emissions per year, and 

7,600,000 tons per year of CO2. 

The economic and employment benefits, together with delivered energy price 

stability and environmental advantages, suggest that the CSP solar altemative would be a 

beneficial addition to California's energy supply. While early CSP plants are more costly 

than their traditional gas counterparts, subsequent plants are estimated to become nearly 

cost competitive on a levelized cost of energy basis. 

' Based on MPR gas prices for 2007, $6.40/MMBtu, and assuming a 100 MW CSP plant with 6 hours 
storage and a 500 MW combined cycle plant Both CSP and combined cycle plants operate at 40 percent 
capacity factor. All dollars are $2005. 
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1.0 Introduction 

This report documents work performed by Black & Veatch Corporation (Black & 
Veatch) on the "Economic, Energy, and Environmental Benefits of Concentrating Solar 
Power in California," a study funded by the National Renewable Energy Laboratory 
(NREL) under subcontract AEK-5-55036-01. The objective of the study was to 
characterize commercial and developing CSP technologies and estimate the direct and 
indirect economic impacts of CSP deployment. The economic impact of CSP 
deployment was calculated by considering the impact to Gross State Output, earnings, 
employment, and to state tax receipts. The study was divided into five tasks: 

• Taskl: Technology Assessment 

• Task 2: Solar Resource Assessment 

• Task 3: Cost of Energy and Economic Impact Evaluation 

• Task 4: Environmental and Energy Attributes and Specific Benefits to 

Califomia 

• Task 5: Review and Reporting 
This report relies on information gathered by the Black & Veatch team which 

performed the "New Mexico Concentrating Solar Plant Feasibility Study," performed for 
the New Mexico CSP Task Force under contract to New Mexico Energy, Minerals and 
Natural Resources Department. The study also made extensive use of Excelergy, the 
NREL solar parabolic trough performance and cost modeling program. Economic 
impacts were calculated using the Regional Input-Output Modeling System (RIMS II 
model), developed and maintained by the US Bureau of Economic Analysis. 
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2.0 CSP Technology Assessment 

Concentrating solar thermal power plants produce electric power by converting 

the sun's energy into high temperature heat using various mirror or lens configurations. 

Solar thermal systems (trough, dish-Stirling, power tower), transfer heat to a turbine or 

engine for power generation. Concentrating photovoltaic (CPV) plants provide power by 

focusing solar radiation onto a photovoltaic (PV) module, which converts the radiation 

directly to electricity. Figure 2-1 shows pictures of collectors for each of these 

technologies. 

Power Tower Concentrating Photovoltaic 

Figure 2-1 
CSP Systems 

(Source: NREL) 
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2.1 Description of Technologies 
This section provides a brief description of the four CSP technologies. A more 

complete description is provided in Appendix A. 

Parabolic trough systems comprise rows of trough-shaped mirrors which direct 
solar insolation to a receiver tube along the focal axis of each trough. The focused 
radiation raises the temperature of heat-transfer oil, which is used to generate steam. The 
steam is then used to power a turbine-generator to produce electricity. 

Power tower systems consist of a field of thousands of sun-tracking mirrors which 
direct insolation to a receiver atop a tall tower. A molten salt heat-transfer fluid is heated 
in the receiver and is piped to a ground based steam generator. The steam drives a steam 
turbine-generator to produce electricity. 

Because trough and power tower systems collect heat to drive central turbine-
generators, they are best suited for large-scale plants: 50 MW or larger. Trough and 
tower plants, with their large central turbine generators and balance of plant equipment, 
can take advantage of economies of scale for cost reduction, as cost per kW goes down 
with increased size. Additionally, these plants can make use of thermal storage or hybrid 
fossil systems to achieve greater operating flexibility and dispatchability. This provides 
the ability to produce electricity when needed by the utility system, rather than only when 
sufficient solar insolation is available to produce electricity, for example, during short 
cloudy periods or after sunset. This capability has significantly more value to the utility 
and potentially allows the owner of the CSP plant to receive additional credit, or 
payment, for the electric generating capacity of the plant. 

Parabolic dish systems use a dish shaped arrangement of mirror facets to focus 
energy onto a receiver at the focal point of the collector. A working fluid such as 
hydrogen is heated in the receiver, and drives a turbine or Stirling engine. Most current 
dish applications use Stirling engine technology because of its high efficiency. 

CPV systems use either parabolic dish mirror systems or a large array of flat 
Fresnel lenses to focus energy on PV cells. The PV cells generate direct current 
electricity, which is converted to altemating current using a solid state inverter. 

Dish and CPV systems are modular in nature, with single units producing power 
in the range of 10 kW to 35 kW Thus, dish and CPV systems could be used for 
distributed or remote generation applications, or in large arrays of several hundred or 
thousand units to produce power on a utility scale. Dish and CPV systems have the 
potential advantage of mass production of individual units, similar to the mass production 
of automobiles or wind turbines. At this time, neither the dish Stirling or CPV system use 
storage or hybrid fossil capabilities to provide a firm resource. CPV systems could, of 
course, make use of battery energy storage; however, present battery storage technology 
is comparatively inefficient and expensive. 
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2.2 Commercial Status of Technologies 
The largest group of solar systems in the world is the Solar Energy Generating 

Systems (SEGS) I through IX parabolic trough plants in the Mohave Desert in southem 

Califomia. The SEGS plants were built between 1985 and 1991 and have a total capacity 

of 354 MW. These plants have generally performed well over their 15 to 20 years of 

operation. There are several other commercial trough projects in the planning or active 

project development stage, including a 64 MW plant in Nevada and several 50 MW 

plants in Spain. Integrated Solar Combined Cycle Systems (ISCCS) are in various stages 

of planning in southem Califomia, India, Egypt, Morocco, Mexico, and Algeria. A 

1 MW trough plant was recently constmcted for Arizona Public Service (APS), and is 

currently in startup. 

There are no operating commercial dish-Stirling power plants. Recently, 

installation was completed on a six dish test deployment at Sandia National Laboratories 

(SNL) in Albuquerque. This development is under a joint agreement between Stirling 

Engine Systems (SES) (Phoenix) and SNL. On August 2, 2005, Southem Califomia 

Edison publicly announced the completion of negotiations on a 20-year power purchase 

agreement with SES for between 500 to 850 MW of capacity (producing 1,182 to 

2,010 GWh per year) using parabolic dish units. On September 7, 2005, SES announced 

a contract with San Diego Gas & Electric to provide between 300 and 900 MW of solar 

power using the dish technology. Pricing for these power purchase agreements remains 

confidential. These large deployments of dish Stirling systems are expected to drastically 

reduce capital and O&M costs and to result in increased system reliability. 

There are no commercial power tower plants in operation. The 10 MW Solar One 

plant near Barstow, Califomia, operated firom 1982 to 1988 and produced over 38 GWh 

of electricity. Solar One generated steam directly in the receiver. To implement 

improved heat transfer and thermal storage, the plant was retrofitted with a receiver, 

storage system, and steam generator using a molten salt heat transfer fluid. The 

retrofitted plant, named Solar Two, operated fi-om 1998 to 1999. In addition to Solar One 

and Solar Two, experimental and prototype systems have operated in Spain, France, and 

Israel. Abengoa in Spain has announced an 11 MW project called PS 10. ESKOM, the 

state-ovraed utility in South Afiica, is considering a lOOMW molten-salt plant. A 

17 MW molten salt plant in Spain, Solar Tres, was plaimed by Ghersa, Boeing, and 

Nexant. However, execution of this project appears to be unlikely at this time. 

CPV systems are being offered by Amonix, Inc., a US manufacturer, and Solar 

Systems Pty, Ltd, an Australian firm. These systems are offered in 25-35 kW sizes. 

There are 547 kW of Amonix systems deployed at APS. Plaimed deployments in the near 

fiiture include 10 to 20 MW in Spain. Ten Solar Systems dish PV systems have been 

deployed since 2003, for a total • capacity of 220 kW, with the constmction of an 
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additional 720 kW under way. Several contracts are anticipated in the relafively near 

future in the US Southwest to comply with Renewable Portfolio Standard (RPS) 

requirements. 

2.3 Technology Selection for Benefits Analysis 
Black & Veatch has chosen the parabolic trough technology as the CSP proxy for 

economics benefits analysis because much more detailed information on constmction and 
operation costs and performance is available for this technology than other CSP 
technologies. Detailed information on the amount of material and labor for plant 
constmction and operafion is needed to develop a reasonable economic impacts analysis. 
There are currently 354 MW of trough generation in the SEGS plants in southem 
Califomia, a 64 MW plant under constmction in Nevada, and several 50 MW or larger 
trough plants are in various stages of development around the world. Other technologies 
do not have significant commercial operating experience. 

The use of trough as a proxy is not intended to suggest that future CSP 
installations will not include significant amounts of generation using other CSP 
technologies. 
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3.0 California CSP Resource Assessment 

Concentrating solar systems make use of direct normal insolation (DNI), that part 

of the radiation which comes directly firom the sun. Insolation is typically rated as a 

power density in units of kW/m^, Btu/h-ft^, or MJ/h-m^. In this report, instantaneous DNI 

is provided in units of kW/m^ and daily average DNI is provided in units of kWh/mVday. 

The daily amoxmt of DNI is seasonal, with greatest DNI on days close to the 

summer solstice, and least DNI on days near the winter solstice. The average annual 

daily DNI for high insolation (low cloud cover) areas of Califomia ranges from 

6.75 kWh/m^/day to 8.25 kWh/m^/day. Annual electrical energy production fi-om CSP 

plants is roughly proportional to the annual average DNI level. 

Black & Veatch calculated the total land area in Califomia with sufficient 

resource to support power generation on comparably flat land outside of environmentally 

sensitive areas by using solar insolation data provided by NREL. Figure 3-1 shows 

available land with high solar resource and land slope not greater than 1 percent, a 

preference for trough and power tower plants. The land area for each technology type, 

along with potential generation capacity in MW and GWh, is presented in Table 3-1. 

Capacity and generation were based on CSP systems without thermal storage. The table 

shows that with each CSP power generation technology there is the potential to generate 

many multiples of the current demand for electricity in Califomia. The total generation 

capacity as of 2004 for the state was roughly 58,000 MW.̂  

Table 3-1 
Concentrating Solar Power Technical Potential 

Parabolic Trough, no storage < 1 % slope 

Parabolic Trough, six hours storage < 1 % slope 

Power Tower, six hours storage < 1 % slope 

Parabolic Dish, < 3 % slope 

Parabolic Dish, < 5 % slope 

Concentrating PV, < 3 % slope 

Concentrating PV, < 5 % slope 

Solar 
Resource Land 

Area, mî  

5,900 

5,900 

5,900 

11,600 

14,400 

11,600 

14,400 

Capacity 
Potential, MW 

661,000 

471,000 

342,000 

1,480,000 

1,837,000 

1,235,000 

1,534,000 

Generation 
Potential, 

GWh 

1,614,000 

1,640,000 

1,233,000 

3,371,000 

4,196,000 

2,859,000 

3,558,000 

www.eia.doe.gov. This is net sununer capacity. 
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;Conc«ntrstine Solar PovmrProspocto.of CsUfomta 

Figure 3-1 
Direct Normal Radiation Solar Resource Land Greater Than 1 Percent Slope Excluded 

(Source: NREL) 
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4.0 Deployment of CSP Plants in California 

Black & Veatch developed aggressive, but reasonable, CSP deployment scenarios 

collaboratively with NREL to calculate the economic impact of CSP deployment 

(Section 5.0). By stating that the deployment scenarios are aggressive, Black & Veatch 

recognizes that CSP commercialization requires a long-term view that may not be 

supported by current economics or utility preferences. The cost of energy from the first 

100 MW CSP plant may be high compared to altemative conventional (fossil fiieled) or 

renewable energy generation options. However, CSP has the potential to be an important 

generation resource for Califomia (and other southwest US states) in developing a 

balanced power generation portfolio. 

One consideration in developing scenarios is the need for new power plants. 

According to the State of Califomia "Energy Action Plan,"' dated May 8, 2003, 

California's peak electric demand was 52,863 MW on July 2, 2002. According to the 

Action Plan, peak demand is projected to grow at 2.4 percent annually. Platts Research 

Service forecasts elecU-ic demand to grow from 54,320 MW in 2005 to 77,759 MW in 

2020 in the "Power Outlook Quarter 1 2005."^ Platts also estimates that nearly 10,000 

MW of generation capacity will be retired over this time frame. Therefore, Platts 

estimated that nearly 33,000 MW of generation capacity additions will be required to 

meet growing demand. The estimate for growth in energy demand is from 295,000 GWh 

in 2005 to 422,000 GWh in 2020, or a growth of 127,000 GWh. 

Another consideration in developing scenarios is the Califomia Renewable 

Portfolio Standard (RPS), which currently mandates that 20 percent of energy be 

generated by renewables by 2017. The Califomia Energy Commission (CEC) has set an 

accelerated goal of 20 percent by 2010. Figure 4-1 shows the level of renewable energy 

generafion in Califomia through 2003 with projected requirements for 2010, 2017, and a 

more aggressive proposed goal of 33 percent by 2020. The RPS applies only to investor 

owned utilities (lOUs), such that only San Diego Gas & Electric, Southem Califomia 

Edison, and Pacific Gas & Electric are subject to the RPS. However, municipally owned 

utilifies such as Los Angeles Department of Water and Power and Sacramento Municipal 

Utility District are mandated by legislation to develop appropriate renewable plans that 

follow the spirit of the RPS. Therefore, renewable energy generation would need to 

increase to 34,200 GWh/y above the 2004 level of 28,300 GWh to achieve the 20 percent 

RPS by 2017. 

' Available from the Califomia Energy Commission at 
http://www.energv.ca.eov/enerev action plan/2003-05-08 ACTION PLAN.PDF. 
' Platts Power Outlook service fwww.platts.com). 
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1983 1988 1993 1998 2003 2008 2013 2018 

Figure 4-1 
Califomia Renewable Portfolio Standard 

As discussed in Section 2.2, Black & Veatch has used trough plants with six hours 

of storage as the proxy for CSP generation expansion. The use of trough as a proxy is not 

intended to suggest that fiiture CSP installations will not include significant amounts of 

generation using other technologies. The announcement of 20 year power purchase 

agreements between SES and Southem Califomia Edison and San Diego Gas & Electric 

for a total of between 800 MW and 1,750 MW of dish engine power generation indicates 

strong commercial viability for dish systems. 

Each 1,000 MW of parabolic trough systems, with six-hours of storage, will 

generate about 3,600 GWh/yr. Thus, thousands of MW of parabolic trough could, 

theoretically, be installed to meet state electric demand and RPS requirements. However, 

utilifies install or purchase renewable energy on a least cost best fit (LCBF) basis. 

Should selected projects have energy costs which exceed the Market Price Referent 

(MPR), the project owner can file for payments of the energy cost exceeding the MPR 

from the state's New Renewable Facilities Program. Should ftinds not be available, the 

utility is relieved of its obligation to meet the RPS requirement. Additional information 

on the Califomia MPR and its impact on CSP is provided in Section 6.1. 

Because there is no viable approach for calculafing CSP deployment on the basis 

of LCBF, Black & Veatch has opted to use a scenario basis for subsequent economic 

impact calculations. It has been assumed that the cumulative installation of CSP plants 

by 2020 will be between 2,100 MW and 4,000 MW (or about 8 to 18 percent of the peak 

demand growth). The Low and High Scenarios are summarized in Table 4-1. The Low 

Scenario provides a cumulative 2,100 MW of CSP addition by 2020, somewhat below 
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10 percent of the projected demand growth as well as about 10 percent of the lOU RPS 
requirement. The High Scenario provides a cumulative 4,000 MW for about 18 percent 
of the demand growth per Platts, and about 20 percent of the lOU RPS requirement. 

Table 4-1 
Deployment Scenarios 

Year 

2008 

2009 

2010 

2011 

2012 

2013 

2014 

2015 

2016 

2017 

2018 

2019 

2020 

Plant 
Size 

(MW) 

100 

100 

100 

150 

150 

150 

150 

200 

200 

200 

200 

200 

200 

Low Scenario 

Number 
of Plants 

1 

Annual 
MW 

100 

100 

100 

150 

150 

150 

150 

200 

200 

200 

200 

200 

200 

Cumulative 
MW 

100 

200 

300 

450 

600 

750 

900 

1,100 

1,300 

1,500 

1,700 

1,900 

2,100 

High Scenario 

Number of 
Plants 

2 

2 

1 

2 

2 

3 

3 

3 

Annual 
MW 

100 

100 

100 

150 

150 

300 

300 

200 

400 

400 

600 

600 

600 

Cumulative 
MW 

100 

200 

300 

450 

600 

900 

1,200 

1,400 

1,800 

2,200 

2,800 

3,400 

4,000 
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5.0 Economic Impacts of CSP In California 

Utilities are charged with planning generation portfolios which provide a safe, 

adequate, and reliable supply of electricity at the lowest reasonable cost and in an 

environmentally acceptable manner. Pracfically, this objective has translated into utilities 

selecting the lowest cost generation sources. Despite the propensity of utilities to 

purchase the lowest-cost resources, it has long been recognized that there can be 

significant socioeconomic impacts associated with new power plant investments. It 

follows that power plants of different types with different characterisfics will have 

different socioeconomic impacts. The goal of this study is to estimate the impact to the 

regional economy of developing CSP plants in Califomia and to compare these impacts 

to regional economic impacts generated by building conventional fossil fiieled power 

stafions. The direct and indirect impacts of constmcting one CSP plant and a series of 

CSP plants over the next 15 years have been estimated. 

5.1 Economic Impacts Model 
The purpose of the economic impacts model is to determine the direct and indirect 

economic impact of developing CSP plants in Califomia. Direct economic impacts are 

the dollars directly spent by the project in the region on materials, equipment, and wages. 

Indirect economic impacts are also referred to as the "multiplier" impacts of each dollar 

spent in the region. These impacts are created when a dollar is spent on goods or services 

produced by suppliers in the region. For example, if a dollar is spent on equipment 

manufactured in the region, the manufacturer spends a portion of this dollar to hire 

addifional employees, expand production and purchase goods and services. The degree 

to which a dollar spent on a particular industry is re-spent in the region is the "multiplier" 

for that industry. The following economic metrics can be used to measure the direct and 

indirect economic impact of dollars spent in a given region: 

• Gross State Output—The total value of goods and services produced within 

the state. 

• Earnings—The value of wages and benefits eamed by workers in the 

region. 

• Employment—Full and part-time jobs. 

• Fiscal-Impact to tax receipts by the state and local governments. 

The economic impacts of a power generation project can be divided into the 

constmction and operation periods. During the constmcfion phase of the project, there is 

a direct economic impact from the portion of goods and services for the project purchased 

from local vendors. For example, local labor is used for constmction and concrete is 

April 21, 2006 5 ^ 



NREL CA Solar Benefits 

PUC-IR-304 
DOCKET NO. 2008-0273 
ATTACHMENT 1 
PAGE 23 OF 69 

Economic Impacts of 
CSP in California 

purchased from a local concrete plant. There are also indirect economic impacts, which 

include employment created by purchases from vendors and multiplier impacts in the 

regional economy. During the operation phase of the project, there is a direct impact 

from permanent jobs created by the plant and annual purchases of goods and services to 

support operations and maintenance of the plant. There are also multiplier impacts 

created by the annual plant operations and maintenance expenditures. 

The model chosen for this study is the Regional Input-Output Modeling System 

(RIMS n model), developed and maintained by the US Bureau of Economic Analysis. 

This is a regional input-output (I-O) model that measures the interdependency of the 

various sectors of the economy through the establishment of an accounting matrix. The 

matrix shows the change in output, eamings, and employment in each industry due to a 

change in final demand (purchases from that industry). The RIMS II model is well suited 

for the needs of this study because it can estimate economic impacts for any county or 

combination of counties in the US, and includes multipliers for nearly 500 industry 

classifications. For this analysis, the region of study was established to be southem 

Califomia, including the following counties. 

Riverside 

San Bernardino 

San Diego 

San Luis Obispo 

Santa Barbara 

Tulare 

Ventura 

Fresno 

Imperial 

Inyo 

Kern 

Kings 

Los Angeles 

Mono 

Orange 

The economic analysis was limited to counties in southem Califomia because the 

solar resource suitable for CSP is primarily available in southem Califomia; thus, it has 

been assumed that the economic impact of CSP development would be concentrated in 

southem Califomia. 

The multiplier analysis included the evaluation of impacts arising from the 

constmction and operation periods. The results for each period were then summed to 

arrive at the total impact for developing one and multiple CSP plants. For the 

constmction and operation periods, the cost estimates were broken into major equipment 

and labor categories (e.g., solar field mirrors, constmction labor, etc.). The percent of 

labor and capital expenditures in each category that would occur in southem Califomia 

were then estimated. The following section contains a complete discussion of the 

technical inputs to the economic model. 
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The expenditures in southem Califomia were then multiplied by the final demand 

multipliers for the respective industries for each major capital and labor expense. This 

impact estimate was then added to the initial change due to the investment. Gross State 

Output, eamings and output estimates were then deflated to 1997, the basis for the I-O 

tables in the RIMS II model. Final results were then escalated to 2005 dollars. All 

estimates during constmction were performed on a per MW basis. A similar process was 

followed for the operation period, based on the annual expenditures made per CSP plant 

per year. This estimate included expenditures for plant staff, consumables and supplies, 

land rent, and other cost items. Economic impact estimates for the operation period are 

provided on per MW and per MWh basis. 

The economic impacts of CSP deployment were then compared with the 

economic activity generated by 500 MW combined cycle and 85 MW simple cycle 

combustion turbine plants. These plants provide similar electric services to what a CSP 

plant provides and offer a basis for estimating the relative impacts of this renewable 

technology. Sizing of the combined cycle and simple cycle plants are typical sizes for 

plants built for intermediate and peaking service. 

5.2 Input Data for the Model 
An important element of the economic impact analysis is the estimation of capital 

and aimual operations and maintenance (O&M) costs. The magnitude of the capital and 

armual expenditures directly impacts the magnitude of the direct and indirect economic 

impacts. Black & Veatch used data from the Excelergy Model, developed and maintained 

by NREL.^ Capital and O&M costs were generated for parabolic trough systems with six 

hours of storage for a 100 MW plant built in 2007, a 100 MW plant built in 2009, a 

150 MW plant built in 2011, and a 200 MW plant built in 2015. 

There are indications that recently bid trough plants may have somewhat lower 

capital costs than those generated by Excelergy; howerver, these data are not publicly 

available. Overall, while lower capital costs can somewhat lower the economic impact in 

Califomia, the decrease is not expected to significantly change the conclusions of this 

report. 

' Excelergy is an Excel spreadsheet-based model for solar parabolic trough systems. Developed by NREL, 
it models annual plant performance and estimates capital and O&M costs. It uses a time step approach with 
hourly or finer time increment solar and weather data. Excelergy has been benchmarked against the SEGS 
plants. 
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The Excelergy-generated capital cost estimates are based on data from the SEGS 
plants, vendor inquiries, and various studies. NREL has developed "Leaming Curves" to 
describe the reduction in capital and operating costs observed as more CSP plants are 
deployed. The leaming curve cost reductions relate to technology advances, scale up, 
effects of mass production resulting from large scale deployment, and improvements in 
constmction efficiency. 

Table 5-1 is a summary of capital costs for the four CSP plants. Black & Veatch 
worked from a more detailed cost breakdown to place equipment costs into 
"Manufactured in southem Califomia" and "Not Manufactured in southem Califomia" 
categories. Table 5-2 is a summary of armual O&M costs for the four CSP plants. 

Black & Veatch also estimated the direct and indirect economic impact of 
constmcting and operating combined cycle and simple cycle combustion turbine plants. 
Because these plants provide intermediate and peaking electric services similar to those 
of a CSP plant, they offer a good benchmark to the economic impacts created by CSP. 
Table 5-3 provides the input assumptions for the combined cycle and simple cycle 
combustion turbine plants. Capital and operating cost breakdowns were also developed 
for both plant types based on Black & Veatch experience with each of these plant types to 
estimate the direct and indirect economic impact of constmcting each plant in southem 
Califomia. 

Table 5-4 provides a summary capital cost breakdown and Table 5-5 provides an 
O&M cost breakdown for the combined cycle and simple cycle combustion turbine 
power plants, respectively Black & Veatch worked from a more detailed cost breakdown 
to place equipment costs into "Manufactured in southem Califomia" and "Not 
Manufactured in southem Califomia" categories. 

5.2.1 Estimation of Caiifornia-Supplied Goods and Services 

The RIMS II model calculates the economic impact of expenditures inside of a 
given region; therefore, the part of capital and operating costs spent in and out of 
southem Califomia must be determined. Black & Veatch first divided the total capital 
and operating cost estimates into material and labor components. It has been assumed 
that all constmction and operations labor jobs created are in southem Califomia. 

The plant cost estimates were examined on a line by line basis and percentages 
were applied, based on engineering judgment and knowledge of suppUers, as to what 
portion of the equipment purchased for the plant would be manufactured in southem 
Califomia. Some of the material and equipment is available from southem Califomia 
manufacturers, while other specialized items are not. Table 5-6 shows the base case 
assumptions used regarding equipment purchases in Califomia. Section 5.4 provides a 
sensitivity analysis with lower and higher in-state spending assumptions. 
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Table 5-1 
CSP Plant Capital Cost Breakdowns, 2005 $1,000 

Site Work and Infrastmcture 

Solar Field 

HTF System 

Thermal Energy Storage 

Power Block 

Balance of Plant 

Contingency 

Total Direct Costs 

Indirects 

Total Installed Cost 

Source: NREL Excelergy Mode 

*With 6 hours storage. 

2007 
100 MW* 

2,455 

230,865 

10,009 

57,957 

38,754 

22,533 

30,707 

393,280 

101,106 

494,386 

2009 
100 MW* 

2,433 

205,109 

9,895 

57,937 

38,754 

22,533 

28,116 

364,776 

92,814 

457,590 

2011 
150 MW* 

2,566 

243,059 

11,896 

71,320 

48,899 

28,432 

33,742 

439,915 

113,469 

553,384 

2015 
200 MW* 

2,681 

268,441 

13,542 

89,390 

56,818 

33,036 

37,720 

501,627 

129,746 

631,373 

Table 5-2 
Annual CSP O&M Cost Breakdowns, 2005 $1,000 

Labor 

Administration 

Operations 

Maintenance 

Total Labor 

Miscellaneous 

Service Contracts 

Water Treatment 

Spares and Equipment 

Solar Field Parts and Materials 

Annual Capital Equipment 

Subtotal 

Total 

2007 
100 MW 

528 

979 

633 

3,018 

419 

263 

260 

669 

1,859 

226 

3.695 

6,713 

2009 
100 MW 

528 

973 

633 

2,984 

415 

259 

265 

651 

1,311 

218 

3,119 

6,104 

2011 
150 MW 

554 

1,088 

664 

3,517 

516 

352 

413 

870 

1,457 

320 

3,928 

7,445 

2015 
200 MW 

554 

1,158 

664 

3,926 

599 

435 

556 

1,040 

1,904 

418 

4,953 

8,879 

Source: NREL Excelersv Model. 
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Table 5-3 
Combined Cycle and Simple Cycle Plant Assumptions* 

Combustion Turbine Technology 

Net Capacity, MW 

Net Plant Heat Rate, Btu/kWh 

Capacity Factor, percent 

Capital Cost, $/kW 

Annual O&M Cost (non-fiiel), $ 

Annual Fuel Cost** 

Combined 
Cycle 

2x1 7FA 

500 

7,000 

40 

650 

10,705,500 

78,489,600 

Simple 
Cycle 

7EA 

85 

9,700 

10 

500 

463,500 

4,622,477 

•All costs in 2005 dollars. 
**Assumes a fiiel cost of $6.40/MMBtu, escalated at 2.5 percent. This is 
equivalent to the Califomia 2005 Market Price Referent (MPR) natural gas 
forecast. 

Table 5-4 
Conventional Combustion Turbine Power 

Generation Capital Cost Breakdowns, 2005 $1,000 

Combustion Turbines & Auxiliaries 

Heat Recovery Steam Generators 

Steam Turbine Generator & Auxiliaries 

Balance of Plant 

Other Costs 

Contingency 

Total 

Source: Black & Veatch. 

2x1 7FA 

79,000 

26,000 

36,740 

80,150 

86,982 

16,120 

324,992 

7EA 

22,950 

N/A 

N/A 

8,653 

8,082 

2,795 

42,480 
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Table 5-5 
Conventional Combustion Turbine Power 

Generation O&M Cost Breakdowns, 2005 $1,000 

Staff 

Training & Communications 

Water 

Major Maintenance 

Other VOM/parts 

Natural Gas 

Total 

2x1 7FA 

2,205 

945 

1,511 

5,289 

756 

103,478 

114,183 

7EA 

179 

77 

42 

146 

21 

3,250 

3,714 

Source: Black & Veatch. 
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In general, goods and services purchases for O&M are assumed to be from in­
state sources. It was assumed that all miscellaneous costs and service contracts were 
southem Califomia based. Water costs are split nearly evenly between raw water costs 
and chemicals. Black & Veatch has assumed 100 percent of the raw water costs are spent 
in southem Califomia, while 50 percent of the chemicals are produced in Califomia. 
Spares and equipment, solar field parts, and capital equipment costs were assumed to be 
50 percent southem Califomia based. 

5.2.2 Costs Versus Deployment Year 

To simplify the economic impacts analysis, Black & Veatch grouped the 
deployment scenarios into four "buckets," which contain the following years: 

• 2008,2009,2010. 

2011,2012,2013. 

• 2014, 2015, and 2016. 

• 2017, 2018, and 2019. 
Black & Veatch used this approach because any difference in plant costs between 

years due to infiation is not within the accuracy of the cost estimates. Therefore, any 
gains in granularity in study results are not significant because of the confidence in the 
cost estimates. 

5.3 Base Case Economic Impacts Analysis Results 
Black & Veatch estimated the direct and indirect impact of the development of the 

reference parabolic trough CSP plant, described in Section 2.1, in southem Califomia 
with an on-line date in 2008. This section provides the base case analysis. A sensitivity 
analysis is discussed in Section 5.4. Table 5-7 shows that constmcting one 100 MW CSP 
plant has a direct impact to Gross State Output of over $150 million and an indirect 
impact of over $470 million. The table also shows that about 455 job-years of direct 
employment are created during the constmction of the facility, which equates to over 
$51 million in direct eamings. The table also shows that the plant results m about 38 
permanent jobs directly created by the operation of the plant; another 56 jobs are 
indirectly created by the operation of the plant. 

Table 5-8 shows the total (direct plus indirect) economic impact per 100 MW of 
CSP, combined cycle and simple cycle combustion turbine plants. Table 5-8 shows that 
the total constmction impact of CSP on gross state output at about $626 million per 
100 MW is significantly larger than that for combined cycle or simple cycle combustion 
turbine plants at about $64 million per 100 MW and $47 million per 100 MW, 
respectively. The primary reason for this is the much larger total installed cost of the CSP 
plant, which is estimated to be $4,600 per kW in 2008 compared to the combined cycle 
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plant at $650 per kW and the simple cycle plant at $500 per kW. However, the CSP plant 
has an impact to gross state output of $1.4 per $1 spent on the CSP plant, while the raitios 
for the combined cycle and simple cycle combustion turbine plants are in the range of 
$0.90 to $1.00 per $1 spent on the fossil fueled plants. 

Table 5-7 
Base Case Direct and Indirect Economic Impacts 

of One 100 MW CSP Plant in 2008 ($2005) 

Direct Impact Indirect Impact 

Construction 

Gross State Output, $l,000/plant 

Eamings, $l,000/plant 

Employment, job-years 

151,000 

51,000 

455 

475,000 

144,000 

3,500 

Operation 

Gross State Output, $l,000/year 

Eamings, $l,000/year 

Employment, jobs 

2,400 

3,140 

38 

10,400 

2,540 

56 

Table 5-8 also shows the impact per GWh of power generation for the CSP and 
conventional technologies. This analysis revealed that CSP plant produces higher 
economic benefits per unit of energy produced than either of the conventional 
technologies. The economic impact per unit is similar between the combined cycle and 
simple cycle plants because of the low capacity factor for the simple cycle plant, which 
inflates the economic impacts per unit of energy produced. 

Figure 5-1 shows the direct and indirect employment impact of the CSP, 
combined cycle, and simple cycle plants per 100 MW. The CSP plant also has a much 
larger impact on employment at about 4,000 job-years per 100 MW versus about 500 for 
the combined cycle plant and 330 for the simple cycle plant. This is a result of the higher 
capital cost and constmction requirements of the CSP plant. 

Figure 5-1 also shows that the CSP plant generates significantly greater economic 
impacts during the operation of the project. There are 94 direct and indirect permanent 
jobs created by the continued operation of the CSP plant, which compares to 56 jobs per 
100 MW created by the combined cycle plant and 13 jobs per 100 MW created by the 
simple cycle plant. Again, this is the result of more labor intensive operational 
requirements of the CSP plant. 
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Table 5-8 
Total Economic Impacts of One CSP or Conventional Plant in 2008 per 100 MW 

($2005) 

Base Case 
Parabolic 
Trough 

Combined 
Cycle 

Combustion 
Turbine 

Simple Cycle 
Combustion 

Turbine 

Construction 

Gross State Output, $1,000 

Eamings, Si,000 

Employment, job-years 

628,000 

196,000 

3,990 

64,000 

23,500 

448 

47,000 

17,700 

327 

Operation 

Gross State Output, $l,000/year 

Earnings, $l,000/year 

Employment, jobs 

12,800 

5,680 

94 

10,000 

2,700 

56 

2,000 

700 

13 

Operation 

Gross State Output, $l,000/GWh 

Eamings, $l,000/GWh 

Employment, jobs/GWh 

36 

16 

0.26 

24 

6 

0.16 

23 

8 

0.15 
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100 MW 500 MW 85 MW 
Solar Combined Simple 

Trough Cycle Cycle 

100 MW 500 MW 85 MW 
Solar Combined Simple 

Trough Cycle Cycle 

Figure 5-1 
Base Case Employment Impact Comparison 

Black & Veatch also estimated the economic impact of each deployment scenario 
developed for this study. Figure 5-2 shows that the low and high deployment scenarios 
result in total deployment of 2,100 MW and 4,000 MW, respectively. For a complete 
discussion of the deployment schedules refer to Section 4.0. 

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

Figure 5-2 
CSP Low and High Deployment Scenarios 
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Table 5-9 shows the total (direct plus indirect) economic impacts of the low and 

high deployment scenarios. The high deployment scenario generates approximately 

double the economic impact of the low deployment scenario, which is expected because 

the high deployment scenario results in about double the installed capacity of the low 

deployment scenario. The results of the economic impacts analysis indicate that a 

significant CSP industry would be formed in Califomia with either large-scale 

deployment scenario. The deployment scenarios would result in about $7 billion and 

$13 billion in investment, respectively, of which an estimated $2.8 and $5.4 billion is 

estimated to be spent in Califomia. This level of in-state investment has a total impact on 

Gross State Product of nearly $13 billion for the low deployment scenario and over 

$24 billion for the high deployment scenario, not including impacts from ongoing O&M 

expenditures. This level of investment creates a sizable direct and indirect impact to 

employment dining constmction at about 77,000 and 145,000 job-years for the low and 

high deployment scenarios, respectively. Ongoing operation of the CSP plants built 

under the deployment scenarios creates a total annual economic impact of $190 and 

$390 million. 

Table 5-9 
Total Present Value of CSP Development for Two Deployment Scenarios ($2005) 

1 Low Deployment High Deployment 

Construction 

Gross State Output, $1,000 

Eamings, $1,000 

Employment, job-years 

12,979,000 

3,556,000 

77,300 

24,617,000 

6,649,000 

145,000 

Operation 

Gross State Output, $l,000/year 

Eamings, $l,000/year 

Employment, jobs 

192,900 

82,200 

1,500 

390,800 

164,900 

3,000 

Assuming that the CSP plants would each operate for 30 years, Figure 5-3 shows 

the total economic impact (direct plus indirect) to eamings and employment in the 

constmction and operation periods generated by the deployment scenarios. Figure 5-3 

shows that the eamings and employment impacts are larger for the constmction than 

operation periods. The total impacts from operation are significant at about $3.0 billion 

and $5.0 billion to eamings for the low and high deployment scenarios, respectively. 
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Additionally, the continued operation of the'CSP plants results in about 45,000 job-years 

for the low deployment scenario and 80,000 job-years for the high deployment scenario. 

8,000 
EARNINGS EMPLOYMENT 

240,000 

210,000 in 
ca 

180,000 ^ 
.a 

Low High Low High 

Figure 5-3 
Low and High Deployment Scenarios Total Impact to Eamings and Employment 

5.4 Economic Impacts Sensitivity Anaiysis 
The assumptions for the amount of material and labor purchased inside and 

outside of Califomia have a significant effect on the direct and indirect economic impacts 

results. Therefore, Black & Veatch developed "Low California Expenditure" and "High 

Califomia Expenditure" scenarios to capture the range of possible economic impacts 

from the constmction of CSP plants. Table 5-10 shows the assumptions for material 

purchased from in-state suppliers for the low, base, and high in-state expenditure 

scenarios. 

The Low Califomia Expenditure scenario assumes that less manufacturing 

capability is built in Califomia to support CSP development. This scenario also assumes 

that most of the balance of plant equipment (small pumps, motors, small bore piping, 

etc.) is purchased from out of state suppliers. It is assumed, as with the base case, that 

constmction and installation will be provided by in-state suppliers. 

The High Califomia Expenditure scenario assumes that more manufacturing 

capability is built in Califomia than the base case assumptions. It is also assumed that 

most of the balance of plant equipment is purchased from in-state suppliers. All 

constmction, installation, and most engineering are assumed to be provided by in-state 

suppUers. 
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Table 5-10 
Material Expenditures in Califomia Sensitivity Criteria, percent 

Plant System 

Siteworks and lofrastracture 

Contractor Overhead 

Heal Collection Elements 

Mirrors 

Metal Support Structure 

Misc. Solar Field Equipment 

HTF System 

Thermal Energy Storage 

Thermal Energy Storage Fluid 

Power Block 

Balance of Plant 

Contingmcy 

Engmeering, Const Mgmt 

EPC Markup 

Land 

Owners 

2009 CSP Plant 

Low 

0 

100 

0 

0 

25 

30 

17 

23 

25 

2 

26 

11 

25 

30 

100 

50 

Base 

0 

100 

0 

0 

50 

59 

34 

42 

50 

12 

50 

23 

50 

30 

100 

50 

High 

0 

100 

0 

0 

75 

85 

61 

59 

75 

14 

74 

35 

75 

50 

100 

50 

2011 CSP Plant 

Low 

0 

100 

25 

25 

25 

30 

17 

40 

25 

2 

26 . 

22 

25 

30 

too 
50 

Base 

0 

100 

50 

50 

50 

59 

34 

75 

50 

12 

50 

45 

50 

30 

100 

50 

High 

0 

100 

75 

75 

75 

85 

61 

88 

75 

14 

74 

67 

75 

50 

100 

50 

2015 CSP Plant 

Low 

0 

100 

50 

50 

25 

30 

17 

40 

25 

2 

26 

33 

25 

30 

100 

50 

Base 

0 

100 

75 

75 

50 

59 

34 

75 

50 

12 

50 

56 

50 

30 

100 

50 

High 

0 

100 

100 

100 

75 

85 

61 

88 

75 

14 

74 

78 

75 

50 

100 

50 
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The sensitivity analysis revealed that even with significantly lower purchase of 

equipment and materials from Califomia, the constmction of CSP still produces larger 

economic impacts. Figure 5-4 shows the impact to employment and eamings for each 

sensitivity case along with the base case impacts for the combined cycle plant. 
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Figure 5-4 
Constmction Economic Impacts Sensitivity Analysis for 100 MW CSP Plant 

The sensitivity analysis also revealed that the impact to Gross State Output is 

significantly larger than the comparative combined cycle plant. The CSP plant produced 

a range of $450 million to $800 million compared to $420 million per 100 MW for the 

combined cycle plant. 

Black & Veatch also developed a sensitivity analysis of the low and high CSP 

deployment scenarios with the low and high Califomia expenditure cases, as shown on 

Figure 5-5. The sensitivity analysis revealed that there is an impact of approximately 

±20 percent to employment and eamings of the low Califomia expenditures and high 

CaUfomia expenditures scenarios, respectively. The analysis revealed that the impact to 

Gross State Output is slightly higher at about ±30 percent. The sensitivity analysis shows 

that the economic impacts results are robust and consistently higher than the calculated 

impacts for combined cycle power plants even with lower purchases of goods and 

services from Califomia. 
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Figure 5-5 
Constmction Economic Impacts Sensitivity Analysis of 

Low and High CSP Deployment Scenarios 

5.5 Fiscal Impacts 
Black & Veatch developed preliminary estimates of the fiscal impact (tax 

revenues) associated with the constmction and continued operation of the CSP plants 

under the low and high deployment scenarios. To provide a point of comparison, the 

fiscal impacts for 2,100 and 4,000 MW of combined cycle power generation were also 

estimated. Fiscal impacts include the sales taxes during constmction, individual income 

taxes paid by constmction workers, individual income taxes paid by indirect jobs created 

by constmction, individual income taxes paid by operators, individual income taxes paid 

by indirect jobs created during operation, and corporate income taxes assuming IPP 

ownership of the project. Based on data from the Tax Foundation, an individual state and 

local tax rate of 8.7 percent and a corporate state income tax rate of 8.84 percent have 

been assumed. The analysis yielded potential tax revenues of $1.3 billion for the low 

deployment scenario and $2.4 billion for the high deployment scenario, both in 2005 

dollars. The potential fiscal impacts of constmcting and operating 2,100 MW and 

4,000 MW of combined cycle power plants are about $300 million and $600 million, 

respectively. The larger fiscal impacts for the CSP plants are a result of the larger capital 

cost and more labor intensive operations and maintenance of the CSP plants. 

These fiscal impacts estimates are approximate and could vary significantly based 

on a number of factors including economic life of the CSP plants (assumed to be 30 years 

for this analysis), local tax abatements, changes to tax laws, corporate stmcture of the 

plant owner, and other factors. 
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6.0 Cost and Value of CSP Energy 

This section provides the results of cost of energy calculations for CSP along with 
an evaluation of the time of delivery value of CSP energy. This section begins with a 
discussion of the Market Price Referent, the "reference price" of energy in Califomia. 

6.1 The Market Price Referent 

A good starting point for discussion of the cost of renewable energy in Califomia 

is the Market Price Referent, or MPR.'^ The MPR is part of the mlemaking surrounding 

the California Renewable Portfolio Standard (RPS). Utilities in California are not 

obligated to purchase renewable energy at prices above the MPR, which is a value set by 

the Califomia Public Utilities Commission (CPUC) to reflect the market "all-in" (energy 

and capacity) price for base-load energy. If a renewable energy project has a cost to 

generate above the MPR, the generator can apply to the CEC for Supplemental Energy 

Payments (SEPs) to cover above market costs. The MPR is released after the results of 

the renewable energy solicitations are announced so the MPR does not affect the bids. 

The MPR for 2005 was calculated with a proxy plant methodology using a natural 

gas fired combined cycle plant as the proxy for base-load energy. There was no simple-

cycle proxy as in previous years. Instead, time of delivery (TOD) multiphers are to be 

applied to the baseload MPR value to come up with pricing at peak times. The all-in 

dollar per MWh levelized energy price for each proxy plant was calculated for 10, 15, 

and 20 year contract terms. The 2005 MPR value for a 20-year PPA starting in 2007 is 

$77.24 per MWh. The MPR also includes a 25-year natural gas price forecast, which is 

based on NYMEX forward fritures costs for the first six years, and a combination of EIA 

and private forecasts for the later years. This report uses a natural gas forecast of $6.40 

per MMBtu, escalated at 2.5 percent, which is equivalent to the levelized MPR natural 

gas forecast for 2007-2026." The CPUC MPR gas forecast is the consensus forecast of 

Califomia natural gas prices among the CPUC, Utilities, and public interest groups. 

'" The 2005 MPR declaration was published in March 2006 by the CPUC. It is available at 
http://www.cpuc.ca.gov/PUBLISHED/COMMENT RESOLUT10N/S4445.htm. 
' ' Levelized using the MPR weighted average cost of capital of 9.3 percent as the discount rate. The 
levelized forecast for MPR natural gas from 2007 to 2026 is $7.61/MMBtu, while $6.40/MMBtu escalated 
at 2.5 percent annually is $7.62/MMBtu levelized. 
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The MPR also included other assumptions about plant heat rates, debt/equity 

splits, and finance costs. Where possible, this report has used the same assumptions as 

the MPR. ̂ ^ 

6.2 Cost of Energy Calculations 

Black & Veatch developed a cost of energy comparison between each of the proxy 

parabolic trough CSP plant and comparable fossil fuel technologies. The levelized cost 

of energy is a present value measure of the lifecycle cost of generating power from a 

given plant considering the capital cost, operating costs (including fiiel), capacity factor, 

financing cost, and incentives. The levelized cost is a useful calculation because it allows 

comparison of different generation technologies on an equal basis. For this analysis, the 

parabolic trough CSP plant was compared with simple cycle and combined cycle 

combustion turbines because these types of plants provide peaking and intermediate 

electric services similar to CSP plants. Capital cost and performance assumptions for the 

CSP technologies were developed in Section 2.0 and performance assumptions for the 

combined and simple cycle combustion turbines were provided in Table 5-3. Financial 

assumptions, such as cost of debt and equity, were taken directly from the 2005 MPR 

mling and are listed in Table 6-1. Actual plant financing parameters may differ from 

MPR; however, MPR has been used in this document for consistency. For all generation 

technologies it was assumed that the plant would be owned by a credit worthy 

independent power producer (IPP) with a power purchase agreement with a Califomia 

lOU. 

The Energy Policy Act of 2005 contains a number of incentives for renewable 

energy generation'^. Specifically, the Act increases the Investinent Tax Credit (ITC) to 

30 percent through December 31, 2007, for solar facilities'*. Solar facilities had a 

"permanent" ITC of 10 percent before the Act was passed. Because the 30 percent ITC 

may not be extended, cost of energy calculations have been made assuming both a 

30 percent ITC and the older 10 percent ITC.'^ 

'̂  We diverge only in capacity factor. The MPR uses a 92 percent capacity factor, while we use 40 percent 
to stay consistent with the intermediate duty cycle of CSP. At a 92 percent capacity factor, our LCOE 
calculations result in a price of $77 per MWh, equivalent to the MPR. 
'^26 USC §48 (2005). 
'" The Act also extended the Production Tax Credit (PTC) to solar facilities, but the PTC for solar expired 
at the end of 2005. 
" A bill was recently introduced in the Senate (S.2401) that would extend the ITC to 2010. 
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Table 6-1 
Financial Assumptions for Cost of Energy Calculations 

Assumption 

Economic Life, years 

Tax Life, years 

Debt Percentage 

Cost of Debt 

Cost of Equity 

Weighted Average Cost of Capital (WACC) 
(Used as discount rate) 

Tax Rate, combined federal and state 

Levelized Fixed Charge Rate 

Investment Tax Credit 

2007 Nahiral Gas Price (escalated at 2.5% 
annually) 

2015 Natural Gas Price (escalated at 2.5% 
annually) 

Inflation Rate 

Real Discount Rate 

Note: 
All assumptions from the 2005 Califomia Mark 

Combustion 
Turbine 

30 

20 

42.5% 

8.0% 

12.7% 

9.3% 

40.75% 

14.4% 

N/A 

$6.40/MMBtu 

$8.00/MMBtu 

2.5% 

6.8% 

et Price Referent fin 

CSP Plants 

30 

5 

42.5% 

8.0% 

12.7% 

9.3% 

40.75% 

11.8% 

30% and 10% 

N/A 

N/A 

2.5% 

6.8% 

ancial inputs. 

Real and nominal levelized cost estimates for parabolic trough CSP plants and the 

conventional altematives are provided in Table 6-2. The levelized costs of developing a 

CSP plant in 2007, 2009, 2011, and 2015 include the effects of the leaming curves, which 

reduce the capital cost over time with increased deployment. The characteristics of the 

plants developed in 2009, 2011, and 2015 were used to calculate the economic impact of 

developing CSP plants in Section 5.0. The CSP plants have nominal levelized costs in 

the range of $103 per MWh to $157 per MWh with the 30 percent ITC and $115 per 

MWh to $176 per MWh with the permanent 10 percent ITC. This is competitive with the 

2007 simple cycle combustion turbine with a levelized cost of $168 per MWh (using the 

MPR natural gas price of $6.40/MMBtu escalated at 2.5 percent). However, the plants 

have different capacity factors; the simple cycle plant provides peaking service with a 
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Table 6-2 
Levelized Cost Comparison* 

Simple Cycle 

Simple Cycle ($8/MMBtu 
Gas)** 

Combined Cycle 

Combined Cycle 
($8/MMBtu Gas)** 

Parabohc Trough (2007) 

Parabohc Trough (2007) 

ParaboUc Trough (2009) 

Parabolic Trough (2011) 

Parabolic Trough (2015) 

*Financial assumptions are ess 
**S8/MMBhJ is MPR gas pria 

Capacity, 
MW 

85 

85 

500 

100 

100 

100 

100 

150 

200 

Storage, 
hours 

N/A 

N/A 

N/A 

N/A 

0 

6 

6 

6 

6 

Capacity 
Factor, % 

10.0 

10.0 

40.0 

40 

28.4 

40.4 

40.4 

40.4 

40.4 

Nominal 
Levelized 
Cost, $ per 

MWh 
(30% ITC) 

168 

187 

104 

119 

154 

157 

148 

120 

103 

Nominal 
Levelized 
Cost, $ per 

MWh 
(10% ITC) 

168 

187 

104 

119 

173 

176 

166 

134 

115 

Real 
Levelized 
Cost, $ per 

MWh 
(30% ITC) 

134 

149 

83 

95 

125 

127 

120 

97 

83 

entially per MPR calcidation methodology. Assumptions are provided in Table 6-1. 
e for 2015. 

Real 
Levelized 
Cost, $ per 

MWh 
(10% ITC) 

134 

149 

83 

95 

140 

143 

135 

109 

93 
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10 percent capacity factor and the trough plant with storage provides intermediate service 

with a 40 percent capacity factor. 

The CSP plants are not competitive with the combined cycle plant in the early 

years, but become more so in the 2015 tiraefî ame. At a levelized gas price of $8/MMBtu, 

which is the MPR forecast for 2015, the combined cycle plant, at a capacity factor of 

40 percent, has a levelized cost of $ll9/MWh. This is roughly equivalent to the 

$115/MWh of the CSP plant in 2015, with the permanent 10 percent ITC. 

6.3 The Time of Delivery Vaiue of CSP Energy 
This section discusses the value provided by thermal storage integrated with the 

proxy parabolic trough CSP plant. Conceptually, thermal storage allows the plant to store 

energy generated during lower power demand periods and deliver this energy during 

high-demand hours (see Figure 6-1). Thermal storage, along with an enlarged solar field, 

also allows the CSP plant to operate at a higher annual capacity factor, about 40 percent 

with 6 hours of storage versus 28 percent for no storage. This gives the plant the ability 

to generate higher revenues to off-set the additional cost of the storage system. The 

levelized costs in Table 6-2 reveal this, as the trough plant with 6 hours of storage and 

without storage have roughly the same cost of energy ($I57/MWh vs. $154/MWh). 

1 2 3 4 5 6 7 

H o u r of Day 

Figure 6-1 
Conceptual Generation Scenario with Storage 
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Renewable energy generators generally fall into two categories: firm and as-

available. As-available resources are resources such as wind or CSP without storage that 

are not controlled by the generator, while firm resources can control when they generate. 

PG&E lists four energy "products" allowed to bid into their 2005 renewable RFO; as-

available, baseload, peaking, and dispatchable. Peaking resources must have at least a 

95 percent capacity factor during the peak sununer hours'^, while baseload resoiMx;es 

have 24x7 profiles. Dispatchable resources must be available on a day-ahead schedule. 

The trend in the renewable energy industry is toward a single all-in energy 

payment, with no separate capacity payments.'^. In the past, fum resources would 

receive capacity payments as well as energy payments. The lack of capacity payments 

makes it more difficult to assign a dollar value to a firm resource versus an as available 

resource, especially if both of those resources have similar time of delivery (TOD) 

profiles. The MPR methodology for assigning value to energy is based on the generator's 

TOD profile, with multipliers for various time periods. For example, a plant that ran only 

during peak hours would have an MPR price of $110/MWh, based on SCE's TOD factor 

of 1.425 applied to the 2007 MPR ($77.24/MWh) 

The MPR prices for a CSP plant with 6 hours of storage and a CSP plant without 

storage were determined by applying the TOD multipliers to Excelergy's production 

profile. Surprisingly, both CSP plants have approximately the same MPR energy value of 

about $87/MWh.'^ Examination of the generation profile data show that, while the plant 

with storage generates more higher-value energy during peak hours, it also generates 

more lesser-value energy during non-peak hours. Although there is no separate capacity 

credit that can be assigned to the CSP plant with storage, it clearly has more value to the 

utility than an "as available" CSP plant without storage, despite their similar MPR prices. 

The plant with storage qualifies as a firm "peaking" resource under PG&E's rules,' 

generating firm power during peak summer hours. PG&E explicitly states a preference 

for peaking resources in its 2005 RFO, as it rates peaking resources as a "high" need and 

as-available as a "low." Future MPR methodologies may retinn to including assigning 

explicit capacity value, which allow solar thermal with storage to receive a more explicit 

capacity credit. 

'* Noon to 8PM, PDT, June through September. 
" PG&E, SCE, SDG&E, SMUD and LADWP all have a single all-in payment structure for renewable 
energy, and the MPR no longer contains a peaking unit. Other lOUs are also moving to all-in payments. 
" This value is using the 2005 MPR and SCE's TOD multipliers. PG&E's and SDG&E's multipliers are 
similar. 

Excelergy modeling shows that 6 hours of storage is needed to ensure 95 percent availability during peak 
times. 
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7.0 Environmentai and Hedging Benefits 

CSP plants provide environmental benefits by generating power without 
producing criteria and CO2 air emissions. In addition, the use of fixed cost renewable 
energy generation, such as CSP or wind, can decrease fossil fiiel use and provide a hedge 
against fossil fuel price increases. While CSP plants may have environmental benefits 
due to emissions reducfions, they do require significant land area. A 100 MW CSP plant 
is estimated to cover approximately 800 acres (comprised mostly of the solar field) while 
a 500 MW combined cycle plant would occupy about 20 acres. 

7.1 Reduction in Criteria and CO2 Air Emissions 
A key benefit of the use of CSP plants in Califomia is the potential to reduce the 

amount of criteria and greenhouse gas emissions. The installation of CSP may reduce air 
emissions if generating power from CSP plants offsets generation from fossil fiieled 
plants.^' For this calculation of emissions reductions, it has been assumed that the CSP 
plants will displace generation by combined cycle plants with an average heat rate of 
7,000 Btu/kWh. Typical permitted emissions requirements for a new plant in southem 
Califomia were obtained from the Califomia Air Resources Board, and are shown in 
Table 7-1.^^ Based on these emission rates, the table also shows the amount of emissions 
displaced by aimual generation from a single 100 MW trough plant with six hours of 
storage, as well as for the low deployment and high deployment scenarios of 2,100 MW 
and 4,000 MW of CSP generation capacities, respectively. 

The estimates in Table 7-1 are conservative because of the assumption that CSP 
would displace emissions from new plants. CSP plants could offset generation from 
older thermal natural gas or oil fueled generafion with average heat rates equal to or 
exceeding 10,000 Btu per kWh, which would increase the emissions offset by about 
30 percent. Furthermore, the older plants are unlikely to have modem air emissions 
control technology that would be required on new plants. Thus, the increase in emissions 
offset by assuming displacement of older generation would likely exceed 30 percent. 

°̂ Of course, the land requirements for the combined cycle plant do not include the land required for 
acquisition of natural gas. 
'̂ While emissions reduction can be more complicated when cap-and-trade systems (such as the RECLAIM 

system for NOx trading in the South Coast Air Quality Management District) are involved, it is generally 
correct to assert that a CSP plant that oifsets a natural gas-fired plant will result in less emissions. 
^̂  Permitted air emissions requirements are available at the Califomia Air Resources Board at; 
www, arb.ca.gov/bact/bactnew/rptpara.htm 
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Table 7-1 
Emissions Reducfion by CSP Plants 

Pollutant 

NO, 

CO 

VOC 

C02 

Proxy Fossil Plant 
Emissions Rate 

Ib/MMBtu 

0.006 

0.004 

0.002 

154 

Parts per 
million 

2 

4 

1.4 

CSP Plant Capacity 

lOOMW 
(tons/year) 

7.4 

4.5 

2.6 

191,000 

2,100 MW 
(tons/year) 

156 

95 

54 

4,000,000 

4,000 MW 
(tons/year) 

297 

181 

103 

7,600,000 

Notes: 
1. Proxy Fossil Plant assumed to be a combined cycle combustion turbine with a heat rate of 

7,000 Btu/kWh. 
2. CSP plants assumed to operate at 40 percent capacity factor. 

7.2 Hedging Impact of CSP on Natural Gas Prices 
The installation of renewable energy power generafion that does not use fossil 

fuels has the potential to provide a namral hedge against fossil fuel price increases. 

Generally, renewable energy generators, particularly CSP that serves peak demand, offset 

the use of natural gas fueled generators. Therefore, this section focuses on the analysis of 

CSP as a hedge against natural gas price increases. An overview of the consumption and 

price of natural gas in the US and Califomia is provided first. The two primary hedging 

effects are then analyzed: the potenfial decline in prices and volafility from decreased 

demand, and the hedging effect that the installafion of CSP has on the generafion 

portfolio. 

7.2,1 Natural Gas Use in the United States 

Natural gas is a primary fuel for the US residenfial, commercial, industrial, and 

power generation sectors. Figure 7-1 shows the growth in overall natural gas demand 

since 1990. Gas consumpfion for power generafion is a major part of the growth, 

accounfing for 5,721 Uillion Btu (TBtu) in 2002 compared with 3,342 TBtu in 1990, a 70 

percent increase. Demand growth is expected in all sectors, but demand from electricity 

generators is expected to grow the fastest, increasing 90 percent by 2025. Various reports 

project demand to increase to 28 to 31 TCF per year by 2025. 
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Figure 7-1 
Historic and Forecast Natural Gas Demand by Sector (NPC 2002) 

Source: American Gas Associafion 

Natural gas consumption for power generation has increased because the 

development of relatively low cost, high-efficiency combined cycle corabusfion turbine 

technology has made natural gas an economic altemafive to oil and coal. Furthermore, 

gas is the cleanest burning of the fossil fiiels and is favored globally for its relatively low 

greenhouse gas emissions when compared with other fossil fuels. Figure 7-2 shows that 

new electric generating capacity installed in the US for 1990-2006 was primarily natural 

gas fueled. Despite the large increase in natural gas fueled power generation, coal still 

provides about 50 percent of the electric supply for the US, followed by nuclear at about 

20 percent, and natural gas fueled power stafions at about 18 percent.^' 

7.2.2 Natural Gas Use in California 
Califomia currently consumes about 10 percent of the total natural gas used in the 

US - about 2.36 TCF in 2004. It is esfimated that in the next decade, Califomia will add 

five million people to its current populafion of about 35 million. The added populafion 

will need power and fuel; three-quarters of California's electricity growth and most of the 

state's natural gas growth will be driven by the need to serve these new citizens. 

Califomia is particularly vuherable to natural gas price fluctuations and supply 

constraints because of its reliance on out-of-state sources. Currently, about 85 percent of 

the consumpfion is provided by imports. Figure 7-3 shows a breakdown of the source of 

natural gas for the Califomia market. 

" For 2004, EIA 
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Figure 7-2 
Breakdown of US Capacity Additions by On-Line Date (MW) 

Source: US Department of Energy, Energy Information Administration 

In State 
15.5% 

Southwest 
36.2 % 

Canada 
24% 

Rockies 
24.3% 

Figure 7-3 
California's Natural Gas Sources for 2004 
Source: Califomia Energy Commission 
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The Califomia Energy Commission (CEC) has passed a moratorium on the 
constmction of coal fueled power generation in the state and the import of power 
produced by coal fueled plants. By removing coal as a possible fuel for new power 
generation, natural gas fueled or renewable energy will be required to meet the growing 
demand for power in the state. 

7.2.3 Natural Gas Prices and Price Volatility 

Natural gas is actively traded on commodities markets throughout the world, such 

as the New York Mercantile Exchange (NYMEX) or the Chicago Board of Trade 

(CBOT). The fuel is bought and sold for immediate delivery, the "spot market," and 

options on future delivery ("futures contracts") are traded. Long-term price trends are 

typically caused by factors that affect supply and demand, such as economic activity and 

changes to natural gas production and storage. Figure 7-4 shows an upward long-term 

trend of natural gas prices in Califomia. The figure also shows the impact of short-term 

phenomena on natural gas prices. The chart also shows the short-term effect of 

supply/demand shock during the Califomia energy crisis in 2000 and 2001. The surge in 

the use of natural gas to meet power demand created short-term supply constraints and, 

thus the price spikes showTi in the chart. 

-I 1 1 1 r 

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 

Figure 7-4 
Califomia Electric Power Sector, Annual Average Natural Gas Prices, $ per MCF 

(Source: EIA^5 

" 2005 data point is for Jan-Nov, as Dec had not been reported as of 4/6/2006. 
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Short-term market price fluctuations, or volatility, are caused by random factors 

such as weather, expectations of fiiture supply, geopolitical events, etc. The ability of the 

market to absorb short-term supply shocks caused by these factors is directly impacted by 

the relationship of supply and demand in the market For example, a relatively small 

change in price would be expected if a short-term supply shock occurred and supply 

significantly exceeded demand. However, a relatively large price impact could be 

expected if supply and demand were in balance. The US is currently in the latter 

situation. While demand has increased, production has been relatively constant. 

A combination of long-term and short-term factors has led to a consistent and 

significant increase in natural gas prices in recent years. The average wellhead natural 

gas price rose from around $2 per MMBtu in the 1990s to $7.51 per MMBtu in 2004." 

The 6 year NYMEX forward curve indicates that the price at the Henry Hub will remain 

in the $5 to $8 per MMBtu range, while the EIA's latest forecast̂ ^ projects that wellhead 

prices will average $5 MMBtu in the coming 20 years. 

7.2.4 The Hedging Impact of CSP Deployment in California 
There are two basic benefits that the large scale deployment of CSP could provide 

to the Califomia natural gas and electric markets: reduction of natural gas prices from 
decreased demand; and lower exposure to natural gas price fluctuations from a more 
diversified electric generating portfolio. This section includes a brief analysis of each of 
these potential impacts and a high-level estimate of the potential value of these impacts. 
7.2.4.1 Impact on Natural Gas Prices. The deployment of non-fossil fueled power 
generation can decrease or slow the growth in demand for fossil fuels if power generated 
by fossil fueled plants is off-set by renewable energy generators. Several recent studies 
suggest that there could be a price decrease of between one and four percent for each 
1 percent decline in demand."'^^ Therefore, based on a 1 percent reduction in gas price 
for a 1 percent reduction in nationwide gas usage, the deployment of 4,000 MW of CSP 
in Califomia could result in a total reduction of approximately $60 miUion per year for 

" US Energy Information Adminlstrarion (EIA) www.eia.doe.eov. 
*̂ 2006 Annual Energy Outlook. Released December 2005. www.eia.doe.pov. 

^' Easing the Natural Gas Crisis: Reducing Natural Gas Prices through Inceased Deployment of 
Renewable Energy and Energy Efficiency Ryan Wiser, Mark Boiinger, Matt St. Clair., Berkley National 
Laboratory, LBNL-56756, January 2005. 
^' Dr. Ryan Wiser, Scientist, Lawrence Berkeley National Laboratory, testimony to Senate Committee on 
Energy and Natural Resources, Easing the Natural Gas Crisis: Reducing Natural Gas Prices Through 
Electricity Supply Diversification, March 8, 2005. 
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natural gas expenditures in Califomia, assuming a natural gas price of $6.40 per 
MMBtu.̂ ^ If the natural gas price reduction were to be in the range of 4 percent for each 
1 percent reduction in nationwide gas usage, the savings in gas cost to Califomia could be 
four times higher. These savings in Califomia are based on average savings for US 
consumers. However, savings per MMBtu could be higher in Califomia than the national 
average. Dr. Ryan Wiser, in private communication, wrote, "Though reductions in 
Califomia namral gas demand will have national price impacts that spill over to the state, 
the impact on Califomia natural gas prices may be somewhat higher than the national 
impact if the natural gas transportation infrastmcture serving Califomia is constrained.̂ *"" 
7.2.4.2 Portfolio Hedging Impact. Electricity is provided to Califomia consumers 
primarily by natural gas, imported coal fueled power, and hydroelectric energy. 
Figure 7-5 shows the source of electricity generation in Califomia. 

PNW Imports 
6.33% 

Rsnewablas 
10.6% 

DSW Imports 
12.75 % 

Large Hydro 
14.8% 

Figure 7-5 
Generation Sources for Califomia Electricity in 2004 

Source: Califomia Energy Commission 
*Intermountain and Mohave coal plants are considered in-state, since they are in Califomia 

control areas. 

^ Taking the US gas consumption in 2004 to be 23,000 trillion Btu, and assuming a proxy of a combined 
cycle plant heat rate of 7,000 Btu/kWh, the amount of natural gas displaced by a 100 MW CSP plant 
operating at a 40 percent capacity factor is 2,400 billion Btu/yr, or 0.01 percent of the US gas consumption. 
Likewise, the amounts of natural gas displaced by 2,100 MW and 4,000 MW are 52,000 billion Bm/yr and 
99,000 billion Btu/yr, (0.2 percent and 0.4 percent of national consimiption), respectively. At 1 percent 
price reduction for each one percent of demand reduction, this would equate to a 0.01 percent price 
reduction resulting from a 100 MW plant, a 0.2 percent price reduction for a 2,100 MW CSP deployment, 
and a 0.4 percent price reduction for a 4,000 MW CSP deployment. 
°̂ Dr. Ryan Wiser in an email to Dr. Lany Stoddard, Black & Veatch, December 13,2005. 
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Natural gas fueled power generation provides the largest share of electricity in 

Califomia - over 40 percent. The natural gas fueled generation fleet consists of older 

steam thermal electric imits, combined cycle combustion turbines, and simple cycle 

combustion turbines. Depending upon which utilities purchase the output fi^om new CSP 

plants, the deployment of CSP could off-set the constmction of new combined cycle and 

simple cycle plants or the use of older less-efficient steam thermal units. 

Hydroelectricity is also an important element of Califomia's energy portfolio. 
Between 1983 and 2002, in-state hydropower provided an annual average of 
approximately 37,000 GWh, or 15 percent, of the electricity used in Califomia. During 
this same period, hydroelectric generation ranged from 9 percent to 30 percent of total 
state electricity sales, depending on hydrologic conditions. Hydropower's important 
energy attributes include peaking reserve capacity, spinning reserve capacity, load 
following capacity, transmission support, and extremely low production costs. 

Due to the seasonal and aimual variation in hydrologic cycles, hydroelectric 
production varies widely from year to year. Figure 7-6 shows the annual variation in 
capacity factor for hydroelectric plants in the US. When precipitation runoff is bountiful, 
hydroelectric generation is used and other generating plants, mostly gas-fired facilities, 
are idled. When hydroelectric energy generation is low, intermediate and peaking 
generating plants make up the difference. 

80% 

70% 

60% 

50% 

Geothermat 

0% 

1998 1999 2000 2001 2002 

Figure 7-6 
Annual Variation in Renewable Energy Project Capacity Factors 

Source: EIA, REA 2002 
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A diversified portfolio of generation technologies and energy sources decreases 

the total risk of the portfolio to fluctuations in the value of any one component of the 

portfolio. Black & Veatch estimated the relative portfolio hedging effect of CSP to the 

Califomia electric system based upon plant production cost data obtained from Piatt's and 

the CSP deployment scenarios developed in Section 4.0.^' The total annual production 

cost, that is, fuel plus non-fiiel variable O&M cost, but not including capital costs, was 

calculated for the current Califomia generation portfolio, the low CSP deployment and 

high CSP deployment scenarios. This calculation was then repeated for three natural gas 

price scenarios. Figure 7-7 provides the total annual production cost compared to the 

base case generation portfolio. As shown in Figure 7-7, the total cost increases by 

32 percent for the base case portfolio and by 27 percent under the high CSP deployment 

scenario - a difference of 5 percentage points. Given a total annual production cost of 

about $12 billion under the high fuel scenario, this difference equates to about 

$500 million annually. The benefit is somewhat smaller for the low CSP deployment 

scenario, but still positive. Thus, the benefit of portfolio diversification can be significant 

depending on the volatility of the other components of the portfolio. 
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Natural Gas Price, $/MMBTU 

Figure 7-7 
Effect of CSP Deployment on Statewide Generation Cost (Current PortfoHo with 

$7.00/MMBtugas=100) 

'̂ Plant production cost data by ftiel type provided by Piatt's and available through the Piatt's Power 
Outlook Research Service at: www.platts.com. 
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8.0 Conclusions 

The purpose of this study was to determine the economic and environmental 

impacts on Califomia resulting from the installation of concentrating solar power plants. 

The primary focus was on economic and employment impacts and the comparison of 

these fmdings with the corresponding impacts from conventional gas fired generators that 

would otherwise be employed. To ensure that projected installation scenarios were 

realistic, the electricity supply characteristics of potential CSP technology variants were 

examined and the availability of Califomia solar resources to support estimated solar 

plant output was addressed. The environmental impacts of power production were 

quantified as well as the possible "hedge" value against increases in natural gas price. 

Having completed the foregoing, Black and Veatch reaches the following conclusions: 

• Califomia has high quality solar resources sufficient to support far more 

concentrating solar installations than either of the 2,100 MW or 

4,000 MW capacity scenarios postulated for this study. 

• Depending on the CSP plant interconnection point and the load profile of 

the local electricity provider, concentrating solar power installations with 

6 hours storage could perform peaking and/or intermediate generation 

roles for the utility. 

• Investment in CSP power plants delivers greater retum to Califomia in 

both economic activity and employment than corresponding investment in 

natural gas equipment: 

Each dollar spent on CSP contributes approximately $1.40 - $1.50 

to Califomia's Gross State Product; each dollar spent on natural 

gas plants contributes $0.90 - $1.00 toGross State Product. 

The 4,000 MW deployment scenario was estimated to create about 

3,000 permanent jobs from the ongoing operation of the plants. 

• Operational period expenditures on operations and maintenance create 

more permanent jobs than alternative natural gas fiieled generation. 

• For each 100 MW of generating capacity, CSP was estimated to generate 

94 permanent jobs compared to 56 jobs and 13 jobs for combined cycle 

and simple cycle plants, respectively. 

• Energy delivered from early CSP plants (startup in 2007) costs more than 

that delivered from natural gas combined cycle plants^^ ($157 per MWh 

" Based on MPR gas prices for 2007, $6.40/MMBtu, and assuming a 100 MW CSP plant with 6 hours 
storage and a 500 MW combined cycle plant. Both CSP and combined cycle plants operate at 40 percent 
capacity factor. All dollars are $2005. 
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vs. $104 per MWh, based on a 30 percent ITC for CSP). With technology 

advancements, improvements to CSP constmction efficiency, and with 

higher gas prices consistent with 2015 MPR projections, CSP becomes 

competitive with combined cycle power generation ($115 per MWh vs. 

$119 per MWh, even with the permanent 10 percent ITC). Most of the 

economic and employment advantages are still retained. 

• CSP plants are a fixed-cost generation resource and offer a physical hedge 

against the fluctuating cost of electricity produced with natural gas. 

• Each CSP plant provides emissions reductions compared to its natural gas 

counterpart; the 4,000 MW scenario in this study offsets at least 300 tons 

per year of NOx emissions, 180 tons of CO emissions per year, and 

7,600,000 tons per year of CO2. 

The economic and employment benefits, together with delivered energy price 

stability and environmental advantages, suggest that the CSP solar altemative would be a 

beneficial addition to Califomia's energy supply. While early CSP plants are more costly 

than their traditional gas counterparts, subsequent plants are estimated to become nearly 

cost competitive on a levelized cost of energy basis. 
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Appendix A 

Technoiogy Assessment 
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Appendix A 
Technology Assessment 

This CSP technology assessment was aimed at characterizing the CSP 
technologies for the economic impact assessment tasks. Performance, commercial 
readiness, cost, reliability, and technical risk have been characterized. Six technologies 
are discussed in this section. 

Parabolic trough without storage or hybrid fossil. 

Parabolic trough with storage. 

Parabolic trough with hybrid fossil. 

Parabolic dish. 

Power tower. 

Concentrating photovoltaic (CPV). 

Concentrating solar thermal power plants produce electric power by converting 

the sun's energy into high temperature heat using various mirror or lens configurations. 

For solar thermal systems (trough, dish-Stirling, power tower), the heat is transferred to a 

turbine or engine for power generation. Thermal plants consist of two major subsystems: 

one that collects solar energy and converts it to heat, and another that converts heat 

energy to electricity. CPV plants provide power by focusing solar radiation onto a 

photovoltaic (PV) module, which converts the radiation directly to electricity. Either 

mirrors or lenses can be used to concentrate the solar energy for a CPV system. 

All CSP systems make use of the direct normal component of solar radiation, that 

is, the radiation that comes directly from the sun. Concentrating systems are unable to 

use global radiation, which is reflected radiation. Global radiation is present on sunny 

days and on cloudy days. Direct normal insolation (DNI) is available only on suimy 

days. Concentration of DNI allows a solar system to achieve a high working fluid 

temperature, or, in the case of CPV, allows expenditure for higher efficiency CPV cells 

since the cell area is small compared with the collector (mirror or lens) area. The need to 

focus DNI requires that collector systems track the sun. Parabolic trough systems use 

single-axis trackers to focus radiation onto a linear receiver. Dish-Stirling and power 

tower systems use two-axis trackers. The CPV systems discussed in this report use two 

axis tracking to achieve point focus images on PV cells. Single axis, line focus CPV 

systems have been built, but do not appear to have the long term commercial potential 

that the two axis tracking CPV systems have. 

April 21, 2006 A-2 



PUC-IR-304 
DOCKET NO. 2008-0273 
ATTACHMENT 1 
PAGE 59 OF 69 

NREL CA Solar Benefits Appendix A 

Because trough and power tower systems collect heat to drive central turbine-

generators, they are best suited for relatively large plants—50 MW or larger. Dish and 

CPV are modular in nature, with single units producing power in the range of 10 kW to 

35 kW. Thus, dish and CPV systems could be used for distributed or remote generation 

applications, and can be sited as large plants by aggregating many imits. Trough and 

tower plants, with their large central turbine generators and balance of plant equipment, 

have a cost advantage of economy of scale—that is, cost per kW goes down with 

increased size. Dish and CPV systems have the potential advantage of mass production 

of individual units, similar to the mass production of automobiles 

Trough and tower systems have the potential advantage over dish and CPV 

systems in that an amount of dispatchability can be designed into the system with thermal 

storage or the use of hybrid fossil. Dispatchability allows the solar plant to generate 

electricity during short duration cloudy periods or to generate electricity into the evening 

after sunset. This gives the plant potential to receive capacity credit, and provides the 

ability to more closely match the utility peak load profile. At this time, dish-Stirling 

systems have not been configured to provide hybrid fossil capability. CPV systems 

could, of course, make use of battery energy storage; however, battery storage is 

comparatively inefficient and expensive, and has not been considered in this study. 

Should battery storage system costs decrease substantially, and efficiency increase, the 

use of storage with CPV would certainly be an option in the future. 

A.1 Parabolic Trough Systems 
Parabolic trough systems concentrate DNI using single axis tracking, parabolic 

curved, trough-shaped reflectors onto a receiver pipe or heat collection element (HCE) 

located at the focal line of the parabolic surface. A high temperature heat transfer fluid 

(HTF) picks up the thermal energy in the HCE. Heat in the HCE is used to make steam 

in the steam generator. The steam drives a conventional steam-Rankine power cycle to 

generate electricity. Figure A-1 shows a row of trough collectors. A collector field 

contains many parallel rows of troughs connected in series. Rows are typically placed on 

a north-south axis, allowing the single-axis troughs to track the sun from east to west 

during the day. 
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Figure A-1 
Photo of Parabolic Trough System 

(Source; NREL) 

A.1.1 SEGS Plants 
The largest collection of parabolic systems in the world is the Solar Energy 

Generating Systems (SEGS) I through IX plants in the Mohave Desert in southem 

Califomia. The SEGS plants were built in the 1985 to 1991 time frame. Figure A-2 

shows the Kramer Junction site with five 30 MW SEGS plants. The largest of the SEGS 

plants, SEGS IX, located at Harper Lake, is 80 MW. All of the SEGS plants are 

"hybrids," using fossil fuel to supplement the solar output during periods of low solar 

radiation. Each plant is allowed to generate 25 percent of its energy aimually using fossil 

fuel. With the use of the fossil hybrid capability, the SEGS plants, dining Southem 

Califomia Edison (SCE) on-peak hours, have exceeded 100 percent capacity factor for 

more than a decade, with greater than 85 percent from solar operation. 

In general, the SEGS plants are operating well. Operation and maintenance 

(O&M) costs have dropped sharply over time, coincident with performance gains. 

Although component reliability has generally been good, there have been issues. 

Modifications have been made to improve the lifetimes of mirrors and receivers. New 

models of HCEs from current suppliers appear to perform better than the original HCEs, 

with evidence of significantly reduced failure rates. The availability of spare parts was 
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limited in the early 1990's due to the commercial failure of the supplier. With the 

development of new suppliers, plant operation has been excellent. Development of 

improved components and subsystems has also contributed to performance gains over the 

last decade. 

Figure A-2 
Kramer Junction Trough Plant 

(Source: NREL) 

A performance history from 1985 to 2003 for the Kramer Junction plants is shown 
on Figure A-3. The period from 1985 to 1990 has low generation because plants were 
being brought on-line during that period. Since 1991, energy production has been quite 
consistent, with the low generation in 1992 resulting from low DNI because of the 
worldwide effects of a volcanic emption in the Philippines. 
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A.I.2 Planned Trough Plants 
There are several commercial projects in the planning or active project 

development stage. A 1 MW plant has been constmcted in Arizona, with the plant 

currently in startup. Plants in the development stage include a 64 MW plant under 

constmction in Nevada and a several 50 MW plant to be constmcted in Spain. 

Indications are that the early Spanish plants will include 7 hours of thermal storage. 

Other projects in various stages of planning include integrated solar combined cycle 

system (ISCCS) in southem Califomia, India, Egypt, Morocco, Mexico, and Algeria. In 

addition, there are plans for a series of SEGS type plants in Israel. 
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Figure A-3 
Kramer Junction Annual Performance 33 

A.1.3 Trough infrastructure status 
Parabolic trough systems are considered commercially available for industrial 

applications. The primary developers of this technology include Solargenix Energy 

(USA), Solel Solar Systems (Israel), and Solar Millennium (Germany). Suppliers of 

components for trough systems include reflector supplier Flabeg (Germany) and receiver 

suppliers Schott Glass (Germany) and Solel Solar Systems. 

The currently planned technology, for thermal storage, is the molten salt two-tank 

system. This provides a feasible storage capacity of up to 12 hours and is considered to 

have a low-to-moderate associated risk. 

33 Kearney, D., Price, H., "Advances in Parabolic Trough Solar Power Technology," Advances in Solar 
Energy. Vol 16, Kreith, F., Goswami, D.Y. (Eds.), ASES, Boulder, Colorado, 2005. 
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Water requirements depend on the design and configuration of the trough system. 
If wet cooling is used, water consumption is about 2.8 m^/MWh, similar to conventional 
steam plants; in addition, about 0.14 m /̂MWh of water is needed for washing the solar 
field. Dry cooling reduces water consumption drastically, but also reduces performance 
and increases cost. 

Siting requirements for a parabolic trough system include level land, with less 
than 1 percent slope desirable. Solar fields are typically graded in two or more terraces 
for a full plant. The cost for grading is a small portion of the total cost (for relatively flat 
sites). 

A.2 Parabolic Dish-Engine Systems 
A solar parabolic dish-engine system comprises a solar concentrator (or 

"parabolic dish") and the power conversion unit (PCU). The concentrator consists of 
mirror facets which form a parabolic dish, which redirects DNI to a receiver mounted on 
a boom at the dish's focal point. The system uses a two-axis tracker such that it points at 
the sun continuously. 

A parabolic dish-engine system using an efficient Stirling engine is shown on 
Figure A-4. The PCU includes the thermal receiver and the engine-generator. In the 
solar receiver, radiant solar energy is converted to heat in a closed hydrogen loop. The 
heated hydrogen drives the Stirling engine-generator. Because the PCUs are air cooled, 
there is no cooling water requirement as is necessary for the large, central power blocks 
associated with trough and power tower technologies. Thermal storage is not currentiy 
considered to be a viable option for dish-Stirling systems. 

Figure A-4 
Dish-Stirling System 

(Source: NREL) 
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Relatively level land is preferable for construction and maintenance ease; 
however, siting requirements on slope are likely less significant than those for trough and 
tower systems. 

Individual dish-Stirling imits range in size from 10 to 25 kW. Because they can 
operate independent of power grids, they can be used for remote applications as well as 
grid coimected applications. With their high efficiency and modular constmction, the 
cost of dish-engine systems is expected to be competitive in distributed markets. Stirling 
Engine Systems (SES), the principal dish-Stirling developer in the United States, projects 
that the cost of dishes will decrease dramatically with hundreds of MWs of central 
station, grid coimected deployment. 

There are no operating corrmiercial dish-Stirling power plants. Recently 
installation was completed on a six dish test deployment at Sandia National Laboratories 
(SNL) in Albuquerque. This development is under a joint agreement between SES of 
Phoenix and SNL. On August 2, 2005, Southem Califomia Edison publicly aimounced 
the completion of negotiations on a 20 year power purchase agreement with SES for 
between 500 to 850 MW of capacity (producing 1,182 to 2010GWh/year) of 
dish/Stirling units. On September 7, 2005, SES announced a contract with San Diego 
Gas & Electric to provide between 300 and 900 MW of solar power using the dish 
technology. Pricing for these power purchase agreements remain confidential. This large 
deployment of dish Stirling systems is expected to drastically reduce capital and O&M 
costs and to result in increased system reliability. 

Other planned deployments of dish-engine systems included contracted deploy­
ments of a 25 kW demonstration dish by SES at Eskom in South Africa and a 10 kW 
Schlaich Bergermann und Partner (SBP) dish providing power to the grid in Spain. 
Proposed or plaimed deployments include a 10 kW SBP dish in France and a 10 kW SBP 
dish in Italy. 

A.3 Power Tower Systems 
A power tower uses thousands of sun-tracking mirrors called heliostats to redirct 

DNI to a receiver at the top of a tower. In the most recent receiver deployment, a molten 
nitrate salt HTF heated in the receiver is used to generate steam, which, in tum, was used 
in a conventional turbine generator to produce electricity. An earlier power tower 
generated steam directly in the receiver; however, the current US design uses molten 
nitrate salt because of its superior heat transfer and energy storage capabilities. 
Commercial power tower plants can be sized to produce anywhere from 50 to 200 MW of 
electricity. Systems with air as the working fluid in the receiver or power system have 
also been explored in intemational research and development programs. A schematic 
diagram of the power tower technology is shown on Figure A-5. Figure A-6 is a 
photograph of the 10 MW Solar Two prototype molten salt system. 
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Figure A-5 
Power Tower System Schematic 

Source: Adapted from SunLab (SNL and NREL) 

Figure A-6 
10 MW Solar Two Power Tower System 

(Source: NREL) 
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An advantage of power tower plants is that molten salt can be heated to 1,050 °F, 
with steam generation at 1,000 ''F, which is utility standard main steam temperature. This 
results in a somewhat higher cycle efficiency than is achievable with the lower 
temperature (about 735 ''F) steam achievable with a trough system. Furthermore, power 
towers have the advantage that the molten salt is used both as the HTF and as the storage 
medium, unlike the trough system which uses a high temperature oil as the HTF, and 
requires oil-to-salt and salt-back-to-oil heat exchange for thermal storage. The result is 
that storage is less costly and more efficient for power tower than for troughs. 

There are no commercial power tower plants in operation. The 10 MW Solar One 
plant near Barstow, Califomia, operated from 1982 to 1988, producing over 38 million 
kilowatt-hours (kWh) of electricity. Solar One generated steam dfrectly in the receiver. 
To implement improved heat transfer and thermal storage, the plat was retrofitted (and 
renamed Solar Two). Solar Two operated from 1998 to 1999. Although Solar Two 
successfully demonstrated efficient collection of solar energy and dispatch of electricity, 
including the ability to routinely produce electricity during cloudy weather and at night, 
the plant encountered various technical issues. Solutions to these issues have been 
identified; however, successful demonstration of certain improvements is required prior 
to commercial financing of a large-scale plant. 

In addition to Solar One and Solar Two, experimental and prototype systems have 
operated in Spain, France, and Israel. Solucar Energia, S.A., an Abengoa company, 
recently announced a 11-megawatt solar power tower near Seville. Called PS 10, the 
power plant will be the largest solar power system in Europe and the first tower-based 
solar power system to generate electricity commercially. In addition, ESKOM, the large 
utility in South Africa, is considering a 100 MW molten-salt plant. A 17 MW molten salt 
plant in Spain, Solar Tres, was in planning by Ghersa, Boeing, and Nexant. However, 
this plant appears to be unlikely at this time. 

Potential component suppliers include heliostat supplier Sener and Inabensa in 
Spain. The Rocketdyne Unit of Boeing provided the molten saU receiver for Solar Two, 
and has been positioned to provide all molten salt equipment (receiver, thermal storage, 
steam generator) for a new power tower plant. Boeing recently announced the sale of the 
Rocketdyne Unit to Pratt & Whitney. The long term impact of this sale on solar 
equipment supply is not known. 

Cooling water requirements are about 2.8 m /̂h per MWh, which include a small 
amount for heUostat washing. Dry cooling reduces this water consumption drastically, 
although, as with the trough system, performance is reduced and cost increased. 

As with the trough system, level land is preferable, with less than 1 percent slope 
desirable. The land area must be one continuous parcel with essentially a ckcular 
footprint. 

April 21, 2006 VIO" 



NREL CA Solar Benefits 

PUC-IR-304 
DOCKET NO. 2008-0273 
ATTACHMENT I 
PAGE 67 OF 69 

Appendix A 

A.4 CPV Systems 
Concentrating photovoltaic (CPV) systems have potential for cost reduction 

compared with conventional, non-concentrating (also referred to as flat plate) PV systems 

in two key ways. First, a major portion of conventional PV system cost is for the 

semiconductor material which makes up the PV modules. By concentrating sunlight onto 

a small cell, the amount of semiconductor can be reduced, albeit at additional cost for 

mirrors or lenses and for tracking equipment. Second, use of smaller cells allows for 

more advanced and efficient cell technology, making the overall system efficiency higher 

than for a conventional flat plate system. 

CPV systems have been under development since the 1970's. This development 

has included single axis tracking, line focus CPV and two axis tracking, point focus CPV. 

Recent development has primarily been on the two-axis tracking systems. There are two 

primary developers of CVP systems today: Amonix, a company based in Torrance, 

Califomia, and Solar Systems Pty, Ltd, located in Australia. 

The Amonix CPV unit, shown on Figure A-7, produces 25 to 35 kW per tracker, 

depending on how many modules are installed on the tracker. The Amonix system uses 

hundreds of acrylic Fresnel lenses to focus DNI on high concentration PV cells. Heat 

rejection is passive, meaning there is no water requirement and no closed loop radiator 

system The Amonix unit currently has an average annual efficiency of 15.5 percent. 

Figure A-7 
Amonix; Flat Acrylic Lens Concentrator with Silicon Cells 

(Source: NREL) 
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Amonix systems have been deployed at Arizona Public Service (APS) facilities 

for a total capacity of 547 kW. Planned deployments in the near future include 10 to 

20 MW in Spain. Currently, the systems use high-efficiency silicon cells. Efficiency and 

capacity gains are expected with advance triple-junction cells and higher concentration. 

Solar Systems Pty, Ltd, has a different approach to CPV, using a parabolic dish 

concentrator to focus DNI on a high concentration PV receiver. This 24 kW system, 

shown on Figure A-8, averages about 15 to 16 percent efficiency. Ten dishes have been 

deployed since 2003, for a total capacity of 220 kW, with the constmction of an 

additional 720 kW under way. Several MW of contracts are anticipated in the relatively 

near future. The next generation of higher efficiency CPV modules is expected to 

increase the capacity to 35 kW in 2005. The core CPV technology, which accounts for 

about 25 percent of the cost, would be manufactured in Australia, with the remainder to 

be manufactured in the United States for a CaUfomia deployment. 

A 50 MW CPV plant would consist of 2,000 25 kW units or 1,430 35 kW units. 

Similar to the dish-Stirling systems, no cooling water is required for operation. CPV 

systems have an annual capacity factor of about 26 percent. Near-term R&D is focused 

on reliability validation, module cost reduction (packaging), and advanced cell 

technology, e.g., III-V multijunction technology. Similar to the dish systems, level land is 

preferable for constmction and maintenance ease, although it is likely a less significant 

requirement for CPV sites than that required by trough and tower systems. 

\ •/", 

!s;:*'fl'M' 

Figure A-8 
Solar Systems Pty, Ltd: Parabolic Dish PV Concentrator 

(Source: NREL) 
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ĉ  
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R -5 >̂  E ^ X. IR o 41) i S ^ 

^"^ 

^..^ 

B j B Q̂  (/} 

1 ns U Xi 

^ O 

^ ^ ^ ^ ^ ^ K j a ^ ^ H 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 1 

(N 
O 

r H 

CO 

00 

t - H 

•«H 

c 
QJ 

• H 
on QJ 
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'Ĵ  X iD 

O 

QJ 

---. "re 

o o 
4- t 4- t 

u re 

QJ 
bo 
c 

QJ 
X 

c 
•2 
* + j 
CJ 

• o 
o 
LH 

OH 

bO 
LH 
QJ 

c 
QJ 
LH 

o 
-Q 

L H 
re 
u 
c 
o 
C/) 

•2 
"j-H 

re 

C 
re 

LH 

o 
X 
f t 
QJ 

X 

f t 
LH 

• 2 
* 5 H 

LH 

re 
-Q 
J-H 
C/l 
O 
CJ 

LH 

_re 
"o 
if) 

X 
QJ 

PQ < 

X 
re 
OH 

re 
CJ 

CJ 

QJ 

LH 

re 

X 
c 
re 
QJ" 
bo 
re 

-^ 
u 
re 
OH 

=3 
-Q 
O 

j - t 

cn 
X 
C 

2 
QJ 

re 
_> 
*C 
OH 

X 
c 
re 
QJ 

re 
c/l 

J-J 
u 
re 
LH 

4-J 
4-J 

re 
o 

4-J 
QJ 
LH 

_2 
"re 
PH 

f t 

tf) 

re 
o 

' cn 
f t 
QJ 
LH 

bO 
!= 
C 
CJ 

X 
c 
re 
GJ 
LH 

bO 
CJ 

N 
< 
U 
U 
< 
re 
s= 
o 

' S H 

< 

.2 
'4-J 
re 

X 

o 
ix 
QJ 

u 
!= .2 'G 

t/:j 
cn" 
GJ 

cn 
LH 
GJ -

;3 re 
GJ ?p 
re 

u:i xi 

o 
X 

o o 

OH 

o 
LH 

OH 

X 
f i 
LH 

GJ 
X 
re 
GJ 

h J 

D 
c^ 
•rH 

_re 
" c 
fi 
LH 

C 
ix 

o 
o 

c 
re 

"OH 

-s 
LH 
re 
QJ 
cn 
QJ 
L H 

i~> 

iS 
"o 
cn 
LH 

re 
QJ 

O 
cn" 

X 
QJ 
QJ 
C 

>^ 
bC 

LH 

QJ 

N 
< 
QJ 

• fi 
•+H 

QJ 

-o 
c/? 
QJ 

LH 

o 
4-J 
QJ 
> 
c 

o o 
CM 

s re 
LH 
QJ 

4-J 
* L H 
U 

4-J 
LH 

o 
O H 

O H 

QJ 
-l-J 

re 

X 
C 
re 

"re 
LH 
QJ 

X 
QJ 

M-H 

•g M 
O H O H 

IN. 
o o 
Ci 
C 

_o 
'4-J 
re 
bO 
2 
"QJ 

X 
"re 
o 

' K 
cn 
QJ 
L H 

bO 
o 
CJ 

^ 3 

re 
cn ;-
QJ 

XJ 
re 

2 
QJ 

•t-j 
re 

o 
o 
CS 
X 
c 
re 

X 

X 
re 
O-
re 

QJ 

u 

. 2 "C3 
cn 
L H 

2 "o 
cn 
N 
< 
QJ 
QJ 

cn 

cn 
L H 

QJ 
X 

o 
QJ 

re 

re 
L H 

QJ 
X 
.QJ 

H CQ 

«^ QJ 
•-W -H> 

. 2 • > 

re 

00 
o o 
CS 

"re 

.2 
4-J 

re 
LH 
QJ 

re 
O-
re 
u 
QJ 

. 2 
' u 
cn 

N 
< 
4-J 

QJ 

LH 

re 



QJ 

X 
^ ^ 
^ ^ 
JH 

O 
U i 
U i 
fl 
CD 
O 

^ ^ 

tt)a 
13 
cu 

JH 
ffl 

1-H 

o 
O 
fl 

t t ) JH 

fl o 
. 3 MH 
^ QJ 

fl fl 
X 

cu 

CD UJ 

HH JH 
CD OJ 

Su 

CU ^ 

^ fl 

cu 
ffl 

cu 
B 
U i 

o 

cu cu 
PQ 1 3 

PUC-IR-304 
DOCKET NO. 2008-0273 
ATTACHMENT 2 
PAGE 170 OF 189 

< 

> 
< 

o 
CM 
O 
CM 

IO 

o 
CM 

is. 

o 
CM 

o o 
CM 

f l 
O 0 

M H 

O LH 

S-2 
3 o 

T: fl =3 



PUC-IR-304 
DOCKET NO. 2008-0273 
ATTACHMENT 2 
PAGE 171 OF 189 

CD J H 

•ti JS 
c 9 
o ^ 
&H w) 
;3 s 

- i H 

^ J;1 
^ H CJ 
• ^ HH 

fl 2S 
^ ^ i 
Ba i 
N c i 
< 2 m ' i H H S 

lo
w

 
os

it
 

f f l ^ K : 

^ H P H ^ E 
^ ^ ' ^H ^ ^ K 
'1^ ^ ^ B 

h ^ ^ B 
CD O ^ ^ P 
QJ ^^ ^ I t 
^ «H ^ B 

• ^ c^ ^ ^ p 

f f l ^ ^ ^ B 
•^H «^ ^ K 

' F H • [ 

ffl ^ 1 
^ CD 1 

" ^ ^ 

o o s -̂  
r CU 

- i H - i H 
^ KJ 

tt)'X 
fl o 
'X Ui 
fl 13 
2i fl 
g ffl 
a> CD 

^ H HH 

& H ^ 

:5 5 
H H f f l 

^ ^ ^ . 
^ ^ ^ L 

1 

i 
4 

'J 

n 

5 QJ 
2 « u 
? O OJ 
H ^-^ Z ^ 
• ^ K P ^ ^ H P ^ ^ ^ H 

St
al

l 
E

xc
 

2 . £ o 
H ** 

5 ^ '̂  3 iH 2 
2 S g ^ 2 " • ' QJ <-) 

3 > D > 
« ^ S K i r 
-̂  ^ Cii n 
2 o ^ o 
!^ES^^^^BS 

3 R"o ^ 
2 T-< 0^ m 
4 c • • • 

i i 
J ^ ^ ^ v 

^ ^ 

(» 
V 
-3 
(» 
bC 
C 

•>^ 
(/I t J CO 

• i ' . m TS 

ir
em

en
 

0 
gr

am
s 

ts
 (

in
ch

 
er

ty
 ta

x 
ns

) 
ng

 f
u

n
 

R
E

S 
re

qu
 

U
ti

li
ty

 p
r 

T
ax

 c
re

di
 

an
d 

pr
op

 
ex

em
pt

io
 

Jo
b 

tr
ai

ni
 

• • • • 

< 

> 

< 

X * -

'd -x 

CD cc 

3 ^ 
4-1 

•«-• • rH 

fl r;3 
n j ^ 

on
 p

i 
ta

in
a 

" C CO 

re fl 
£ "S ^ 
fl - ^ 2 
o S f̂  
N ^ O 
i s -
re QJ G 

sh
 s

ol
 

ar
g

ec
 

sh
"A

 

• r ^ ~ ^ - "H 
- H , - H 
^ 13 ^ 
re n2 " i 
CO 3 CO 

PJ PQ PJ 
• • • 

"« 
L4 
QJ 
fl 

* J 

L4 
re 

CH 

QJ 

fl 

-^ ,2 
re QJ 

ou
tr

e 
f E

xc
 

" ^ LH 

o c i i 
fl fl 

X dJ 
OJ U 

^ LH 

s 5 re X 

B 9 

• ^ o 1—* —3 
^ QJ 

re > 

• • 

fl 
o 

• rH 

m 
fl 
fl 

•1—1 

QJ 

fl 
O 
CO 
0 1 
L H 

L H 
fl 

•—1 

O 
CO 

Cfi 
QJ 

CQ 
• 

C/5 

^ 
fl 0 

B T3 
bOiJ 
fl 4-

Ts 
Si) o 

- " fl 
- ^ o 
&H bO 
fl QJ 

• • 

* j 

fl 
QJ 

B 
OH 
O 
f l ) 
> 
QJ 

X 
QJ 

•-H 

re 
u 
re 

* j 
CO 

fl 
CO 

fl 
QJ 

B 
fl 
O 
k 4 

> 
fl 
QJ 

CO 
CO 
QJ 

fl 
• - H 

• ^ 

^ 

O 

• 

1 

O 
OH 

re 

TJ 
* j 

Ei­
re 

~ H 

re 
fl 

* j 

QJ 

fl 
h-H 
• 

fl 
o 

fl 

* J 
CO 

fl 

fl 
X 
fl 
o 
u 
QJ 
CO 



PUC-IR-304 
DOCKET NO. 2008-0273 
ATTACHMENT 2 
PAGE 172 OF 189 

< 

> 
< 

PI ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ 



PUC-IR-304 
DOCKET NO. 2008-0273 
ATTACHMENT 2 
PAGE 173 OF 189 

KJ 
• i H 

^ 
^^ KJ 
CU 
cu 
CD 
CU 

^^ 
fl 
OH 

s 
O 
KJ 

1 - H 

O 
13 
O 

B 
, ^ m m ^ 

MJ o u 
h-l 
' • ^ i * ' 

>^ 
^^ • i H 
KJ 

• i H 
JH 

H H 

U 
CU 

1 - H 

PJ 
MH 

o 
CD 
O u 

13 
QJ 
N 

• i H 
1-H 
CU 
> 
QJ 

h-l 
CD 

V 

^ ^ 
cu 
> 

^"^ 

ffl 

CD 

fl 
X 
QJ 

X 
^ J F ^ 

^ iF^ 

ffl 
CD 

B CCS 

CD 

;3 

O 

o 
u 

QJ 

T3 • I-H 

D H > . 

^ '^ 
OJ o 

• Q ^ C J 

^ ca 

1 3 
OJ 

•4-1 

2 in 
C cc 

i> in 

B, o 
^ CJ 

cfi fC 

CJ (1) 

!^ 
QJ 
cn 
OJ 
X 

Cx 
QJ 

^ i B 

^ 5 
, cc 

X •*-' cc g 
cc 

X • 
fC 

o 

o -^ 

7 3 CJ 

QJ O 
M-H p 
;••-{ X 

t i ^ 
CJ -M 

QJ i n 

a; ° 
C/l 

CJ 

O 
OJ 

X 
QJ 

> 
o 
in 
O 
CJ 
-M 
CJ 
QJ ^ 

' 5 ^ 53 
X X 

nH cr 
cc QJ 
X ^ 
S QJ 

> 3 
P p̂  
CJ QJ 

o > 
X QJ 
QJ ^ 
u QJ 
t n oJ 

•B -x. 
cn cC 

OJ B 
X 17, 
QJ 

X 
-M 
cn 

• I——I 

O QJ 

H J QJ 

^ H H 

H OJ 

cn 
QJ 
CJ 

O 
• ^ H 

;3 
X 
• I - H 
fH 
cn 

• I - H 

73 

cc 

O 
• I - H 
cn 
cn 

cn 

cc 
X 

-M 
QJ 

73 

TJ 

a 
•1-H 

o 
cn 
0) 

o 
73 

cn 
O 
CJ 
5-1 

tC 
X 

cn 
;3 

5-i 
O 

^ in 

cc C 

H .9 
CXH 

> S r" Co 

O) g 

QJ 73 

cn X 
QJ CJ 

& X 
' X <c 

•S '^ 
CJ 

QJ 3 
tC 73 

» s 
73 OH 

cc o 
cc 

cc 
X 
QJ 

73 '-' I -
' ^ OH •̂  s r 
O 7^ 
^ r ^ 

U QJ 
QJ X 

^ s 
r ^ CJ 
-M ^ 
cn cc 

_3 '^ 

U CD 

< 

> 
< 



PUC-IR-304 
DOCKET NO. 2008-0273 
ATTACHMENT 2 
PAGE 174 OF 189 

CU 
-fl ^ ^ 
QJ 
> 

• ^H 
SH 

13 
^-» 
ffl 

- f l 
^ - t 

CD 
U i 
cu 

^ - t 
CD 

fl 
O 

• ^H 
^ - t 

ffl 
^ i H 

fl 
u ^ • ^ 

ffl 
u 
^ 
JH 

ffl 
B 

• ^H 
JH 

& . 

X 
" F H 

CD 
CD 
ffl 

-fl 
-—H 
CU 

13 
O 

s 
p-l 
o u 
h-l 
) - H 

U 
/ 

Q) 
X 
^ 

« 
CD 

HH 
- - H 

fl CD 
CU 

> -
HH 
• i H 
CJ 
JH 

HH 
CJ 
CU 

^ H 

cu 
• ^ H 

o 
^JF-* 

o 
u 

O OJ 
MH - ^ 

U5 . 
ns ^ 

MH c x 

^ s 

• ^ ^ 

O u "̂  

bJD 
C3 OJ 

if) p 
c/) 

c/l fC CU 

3 2 -
OJ OJ ^^'• 
J H > QJ 

, ? OJ 3 
M-( cn MH 

> ^ 
O OJ 

cn U JH 

o U 
— o 

< 

6C 
c 

0) 

.5 
c 
o 

TJ 

>> 
L-I 

o 
OJ 

H 

a 
OJ 

tn 



PUC-IR-304 
DOCKET NO. 2008-0273 
ATTACHMENT 2 
PAGE 175 OF 189 

< 

> 
< 

PI ̂ ^ ̂ ^ ̂ ^ ̂ ^ ̂ ^ 



PUC-IR-304 
DOCKET NO. 2008-0273 
ATTACHMENT 2 
PAGE 176 OF 189 

KJ 
CU 

'o^ 
u 
U i 
CD 

• i H 

X 
J H 

o 
M H 
1 3 
cu 
CD 
fl 
CU 
J H 
CU 

CD 
QJ 
KJ 

fl 
QJ 
U 
QJ 

M H 
QJ 
U 

If l 
QJ 
> 
QJ 

CD 

X 
(H 

PQ 
• iH 

»H 
O 

g 
X 

• I—I 

p-l 

o 

CTl 

if) 

t 'f^.. 

O 

i n 

^ X 
O c/5 
O X 

S I 
re V - -

^ Q ^ 
QJ 'X., cs 

^ g | 
^ - ^ c 
QJ r i t j 

5 So 
^ QJ . ^ 

C C ^ 
Q QJ S^ 

re 

o 
o 
CN 

LH 

re 

re 
CO 

X 
C 
ro 

LH 

re 

> ^ 

tJO 
LH 
QJ 

tu 

re 
- H 

c/:i 
LH 

o 

Q J 

z 
X 

_ ^ 
'u .P QJ 

X 
fl 
QJ 
QH 
OH 

< 
•S 

I—I 

iX 

f l 

s 

PQ 

fl 
QJ 
LH 
QJ 

M-H 

fl 
o 

U 
- M 

o 
CIH 

2 
ro 
fl 
QJ 

c/::i 

if) 
fl 
o 

-a 
ro 
c/:) 
ro 

ro 

B 
o 
QJ 

B 
fi 
LH 
QJ 

fi fi Z^ 
cn QJ , 

< . ^ OJ 
'^ c S 

i 2 % 

OJ QJ PJ 

fl yt) LU 

^ - S ' 
-3 re O 

L H 

p d QJ 
&; Pi z ^ 
>, o 
QJ r £ 

ro _ro 

I < 
ro ^ 

c/3 

ro 
L H 

o 
L H • L H 

O H ) £ iH 

QJ ^ LH 

fl ^ OJ 

^ ^ r S 
QJ V P - " 

£ QJ fl 

fl •£ g 

Q> ^ ^ 
t i J^ X 
iS ^ QJ 
if) > . P i 

j_i LH G . i -

O O O ' ^ 'S 

ID 
O 
O 
CN 

K" 
r H 

LH 
QJ 

s 
QJ 
> 
O 

Z 
s" 

if) 

CO o o 
CN 

i S O 8 u 
CN ^ 

CTT O 

5 - K 

5 ^ 

"5 
if) 

o 
if) 

O o 

o 

> 5 

a 

> :=5 cfi CN 

z fli 
GJ <—' 

re 

B '̂  ^ ^ c^2 
O cn 

QJ - - -

D ^ 
fl S 

.-H cs 
bO CL, 

;§ ^ 
L H • * - . 

cn g 

"i ^ 
5 ^ 

re H 
bc q 
QJ - ^ 
LH tX 

re QJ 

B ^ 

C QJ 

cn fl , 5 ^ QJ cn - _ 
u re 
fl ^ 

X 
fl 
re 

- H 

fl 
QJ 
bO 
re 

cn 

o 

fl-
o 

' cn 
cn 

s? 
, 0 
i x 

n 
K « 

£! 
ts 
K 
e 

0 
CN 
>. 
re 

fc. 

8 
fl 
re 

X 
re 
LH 

I-H 

tt 
B 0 

u 
bo 
LH 

QJ 
fl 
PJ 
re 

'c 
LH 
0 

M-l fl 

s ^ 
:§ ^ 
5 bO 

fl 
fl 
cn 
fl 
O 

U 
- M 
fl 
re 
bo 

• > 
re 

z 
X 
X 

QJ 
LH 

ro 
OH 

PH 

:^ 
CIH 

"^ 

• f l 

X 
$ 
X 

fl 
o 

X 
QJ 
c/) 
re 

X 
CO 
QJ 
fl 
f t 
c/3 

CO 
CO 

&j 
LJ 
re 
L H 

_re 
" o 
c/3 

X 
fl 
re 

QJ 

X 

fl 

re 
f t - ^ 
> Q 
re ' ^ 3 ^ ' 

fl 1^^ 
fl . S ^ H 
o _;§< 

(^ c< 

QJ 
fl 
cn 
cn 

I—I 

10 o o 
CN 

L-
QJ 

X 
o 
^ i n o o 

CN 
QJ 

fl 
,fl 

9 
LH 

QJ 
X 

o 
> 

, 0 

QJ 
c 
w 
2 
X 
re 
QJ 
C 
QJ 

O 
O 
CN 
X u 

LH 

re 
QJ 

cn t ; 
CO -§ 

CT) 

f i 

CJ 

I ^ 

§ I 
a g 
O ^ 

CJ C 

QJ" 

LH 

o 

cn 
fl 

LH 
QJ 

M-l 
O 

fl 
fl 
re 
L H 

ID 
O 
O 
CN 

c/? 
L H 

o 
- H 
u 
re 

M-l 

• I-H 

re 
O H 
re 
u 
QJ 
fl 

3 
L H 

T3 fl 

- ^ bJO 

^ B 
X 

PJ 

Pi. 

1 
, 0 
•4~i 

I—I 

y? 
OH 

re 

fl 
cn 
fl 
O 
U 

H 

L H 

re 
bo 
QJ 
LH 

bO 
O 

QJ 

LH 

' o 
cn 
bO 

_fl 

ro 
LH 

-H> 
fl 
QJ 
U fl o u 
C 
ro 

<: 
H 
tn 
fl 
o 
fl 
o 

B 2 
f t 

j - i 
O H 
Q J 
U 
fl 
O 
U 
>^ 
bO 
LH 

QJ 
fl 

PJ 
"TO 
X 
o 

3 
fl 
QJ 

X 
' f t 

Q J 
L H 

P H 

QJ" 
L H 

o 
o 

CIH 
j - t 
LH 

QJ 
X 
G 

> 
LH 

QJ 
cn 

X 

£ 
re 
fl 
O 
N 

' L H 

< 
Q J . 

X ^ 
re o 

^B 
P H QJ" 

X y 
-H CH 

• r ro 

QJ 
LH 
QJ 
C l , 

C< PLH CQ P i 



PUC-IR-304 
DOCKET NO. 2008-0273 
ATTACHMENT 2 
PAGE 177 OF 189 

K J 
CU 

'o^ 
u 
U i 
CD 

• i H 

X 
H 

o 
M H 
1 3 
cu 
Kti 

fl 
cu 
JH 
CU 

CD 
0 ^ 
K J 

fl 
QJ 
U 
QJ 
QJ 
U 

1-H 
ffl 

QJ 
> 
QJ 

CD 

re 

•X B 
re QJ 

Z tn 
. >^ cn cn 

1^ 
> QJ 
^ fl 
re bo 

C -H 

' LH 
P H 

> 
QJ 
> 

rX 

fl -fl 
P H I J 
H X 

B w 

.Si ^ 

O 
CQ 

fl 
O H 
C 

c 
o 

X 
QJ 
cn 
re 

X 

2 S 
cn re 
O = ! 
^ - ^ 
^ g 

.tt cn 
cn o 

fl 
re 

X 
-3 re 

LH O 
H- X J 
•u re 

o 

o 
o 
CN 

> ^ 
re 

QJ 

" o 
LH 

P H 
LH 

QJ 
> 

re 
cn 

LH 
QJ 

H-t 
fl 
fl 

o 

j _ . CN 

1 ^ 
I B 

• ^ 2 
0 OH 
QJ QJ 

fl^ 
•fl 2 

QJ C 
cn QJ 
re 

o 
X 
re 
L H 

ro 
O H 

^1 
QJ CN 

§ QJ LH 
° 7? QJ 

6 fl r v 
^ ' ^ OJ 

g C^cn 

ro 
fl 
o 

LH H 

cn bO 

ro L-
LH QJ 
> . QJ 

Bx 
i^ "p 2 

"QJ 

re 
B 
QJ 

X 
fl 
re 

o 
o 
CN 

QJ 
C 
fl 

c 
o 
cn 
fl 

O 
I — . 

L H 
QJ - > - ' 
QJ 

P H 

X 
fl 
re 
fl 
QJ 

X 
re 
X 
-B 

QJ 

X 
X 
- H 

QJ 

' > 
LH 
QJ 

LH C N 

bOLH 
O QJ 
LH _ Q 

O H 

L-

_re 
" o 
cn 

O 
o 
C N 

< 

PJ 
^3 

o 
o 
C N 

fl-
.2 
'H-> re 

L H 
- H 

cn 

' f l 

< 
c 

.2 
'4-> 

ro 
B 
L H 

fl 
I—I 

LH 

QJ 
fl 

QJ 

O 
O 
CN 

O 
ID 
m 

I 

if) 
' B 
PJ 
c< 
Z 
x: 
ro 
QJ 

> 

u 
ro 
s 
. « " 

s 

> CIH 

fe 
O 

QJ U^ 
0 0 

•£ 

-Ui 

d 

E E 

fl 
-fl >^ ' roX 
t x i 
LH 

fl 
o 

QJ 
- H 
O H 
QJ 

cn 
X 
o 
o 

QJ 

2§ 

g re 

cn 

< 
fl 
o 
c 

.2 
*4-< 

e re 
L H 

LH ro 
O X 

•42 LH 

. ^ C Q 
LH 

o 
P-H 

u 
O 

O 
L H 

M H 

cn 
QJ 
u 

"SH 

O H 

cn 
ro 
bO 
C 
O 

fl 
O 

PJ 

bO c 
ol ^ 
QJ K 

QJ . s : 

X S 
"re e 
S ^ 
QJ -13 
fl K 
QJ « 
L. 

or 

QJ 
f i 
QJ 
bO 
LH 

_re 

re 

fl 
ro 
B 

_LH 

'ro 

re 
Q 

I 
QJ 

'X 
re 

T5 
fl 
re 
ci 
LH 

re 
i f ) 

^ PH 
CQ 
X 
4-1 

S 
cn 

QJ 

> 

X 

§ 

s 
> LH 

2 
.fl 
fl 
o 

-a 

X 

c 
cn 
QJ 
L H 

O H 
QJ 
L H 

Tfl 
U 
r. 
:3 

o 

"TO 
X 
" L H 

QJ 
QJ 

fl 
C 

X 
QJ 
f i 
re 

_ D 
QJ 
LH 
QJ 

fl 
O 

' f i 
cn 

B 
o 

U 

I 
- H 

ro 
LH 
O 

O 
O 
CN 

O H QJ 

"̂  fl 

^£) 
O 
O 
CN 
QJ 
fl 
fl 

- f l 
fl 

ro 

ro 

o 
U 
ro 

§ 

N 

< 

B 
o 

fl 
o 

X 
QJ 
cn 
ro 

cn 
QJ 

X 
"C 

r ro 
3 Pi 

B ^ B 

\ D 

re re 
£ £ 

fl fl 

u 

B ^ 
E B t 
o t ; fl 
<N o « 
: f l OH S 

^ ' ^ LH 

<xti 
_H" i^ fl 
(N ^, fl 
i> 2 o 
CO LH U 

LH 

re 
CQ 

- f l 
fl 
ro 
cn" 
QJ 
> ^ 
ro 

O - QJ 

o 9 

QJ ^ 
' ^ P H 

ro 
PQ 

4-> 

' f l 
fl 

o 
o 
C N 

QJ 
fl 

cn" 
QJ 

B 
o 
X 
QJ 

- H 

I 

QJ 

•g 
QJ 

- H 

B 
fl 
o 

Xi 
QJ 
cn 
ro 

X 
cn 
L H 

QJ 
X 
"fl 
X ) 

IT) 
O 
o 
C N 

L H 

QJ 
X 
o 

. 2 

Hi 
PH 

i~i 

2 
QJ 

-t-H 

B 
- H 

cn 
c 

I—I 
fl 
o 
cn 

X 
X 

QJ 
L H 

ro 
O H 
QJ 
L H 

P H 

CS" 
•H-i 

s 
f i 

if) 

• 4 - 1 

L i , 

o ^ 

o 
o 
C N 

as 
^ B 

X 6 
fl = 
re -^ 
L H cn 
QJ re 

L . 
re 

CQ 

L H 

2 
B 
- H 

' f l 
- H 
L H 

o 
O H 
O H 

o 
X3 
C 
re 
L H 
QJ 

ro 
X 
o 

L H 

_ro 
"o 
cn 

"o 
if) 

cn 
, o 
St 

if) 

-Ui 
f i 

I—I QJ 

- r ' LH 

ro 
CQ 

Q 

t 

« o 
-Si fl 

QJ 

£ 

C L 

= OJ 

| o 
^ ro 

IB 
^ < 

X '^ 

^ B 
Ei. LH 
S O 

"-H M H 

1 3 QJ 

>^ 
bJO 
LH 
QJ 

fl 

tu 

cn 
LH" 
QJ 
> 
ro 

X 
if) 

LH 

ro 
O 
X 
fl 
ro 
fl 
o 
cn 

"QJ z 
QJ 

« 

C U _ O H 

-SJ QJ 

Q P H 

bJO 
O 

^ 

^ 8 
^ CN 

:S :fl 
" ^ O H 

? -2 

^ £ 

- 2 
" S 

.bo: 

-Ui 

-Ui 

o 

O 

& 
u 
QJ 

H 
_QJ 
"QJ 
J H 
J H 

ro 
CQ 
> ^ 

X 
X 

QJ 
LH 

ro 
O H 
QJ 
LH 

P H 

X 
X 

QJ 
LH 

ro 
O H 
QJ 
LH 

P H 

rv . 
-Ui 

f , 

ifi 

O 

ifi 

-Ui 

I—I 

SP£ 
ro -^ tt-

f l b o 
•S o 
^ PLH 

s 

^ 



PUC-IR-304 
DOCKET NO. 2008-0273 
ATTACHMENT 2 
PAGE 178 OF 189 

KJ 
CU 

'o^ 
JH 
U i 
CD 

• i H 

X 
J H 

O 
M H 
1 3 
cu 
Kn 

fl 
cu 
H 
CU 

CD 
0^ 
KJ 

fl 
QJ 
U 
QJ 
QJ 
U 

1-H 
ffl 
QJ 
> 
QJ 

CD 

f i 
& ) V 

• r= QJ 

du
st

r 
m

er
e 

^ £ 
f- o 

-a u r"? '-^ 
cn o 

f QJ 

^ ^ J H 
f-> tt 

TS "3 
^ Cu 

K ^ QJ 

e ro 

iti
o 

on
 

C N 

s II 
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PUC-IR-305 
Please provide a narrative explanation and supporting documentation for shipping costs to 
Hawaii assumed in all rates in the HECO Companies' proposed Tier 1 and Tier 2 Tariff and 
Agreement. 

HECO Companies Response: 

The shipping costs are assumed to be 5% of equipment costs. These Hawaii-specific shipping 

costs were from the Black & Veatch IRP-3 supply-side portfolio update report (May 2005). See 

reference in Appendix O, page 3-16 at the HECO website link shown below. 

http://www.heco.com/portal/site/heco/menuitem.508576f78baa14340b4cQ610c510b1ca/ 
?vanextoid=d1 ee5e658e0fc010VanVCM1000008119fea9RCRD&vanextfmt=default&cp 
sextcurrchannel=1 

http://www.heco.com/portal/site/heco/menuitem.508576f78baa14340b4cQ610c510b1ca/
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PUC-IR-306 
Please describe to what extent the rates in the HECO Companies' proposed Tier 1 and Tier 2 
Tariff and Agreement utilized Hawaii-specific cost or performance information based on existing 
Hawaii solar PV and small wind projects. List any projects from which rates were derived and 
the PPA rates these projects receive. 

HECO Companies Response: 

As discussed on page 7 of HECO's "Schedule FIT Tier 1 and Tier 2 Tariff and Agreement" filed 

on January 7, 2010, estimated PV capacity factors using NREL's PV Watts 1 tool, were 

compared to data from real Hawaii projects in the Sun Power for Schools program. The Sun 

Power for Schools program performance data was consistent with what was developed using PV 

Watts. 

In order that the rate determination process could be as transparent as possible, the 

Hawaiian Electric Companies elected to use public data wherever possible. Public cost data for 

Hawaii-specific PV projects is not available, particularly specific PPA rates. As such, mainland 

PV capital costs were adjusted using Hawaii-specific labor and productivity premiums. In 

addition, as a part of the overall process, the parties, and the Hawaii Solar Energy Association 

and the Solar Alliance in particular, had the opportunity to review and comment upon the capital 

costs used and their suitability for Hawaii-specific projects. 

Small scale wind project data points were also not publicly available. As previously 

discussed and detailed in the Companies' January 7* and January 2 P' submittals, the wind 

project benchmarking costs did include Hawaii specific tax laws, Hawaii specific labor and 

materials premiums and Hawaii specific freight/transport costs and excise taxes. The parties to 

the proceeding, in particular the Hawaii Renewable Energy Alliance, were allowed to review and 

comment upon the wind pricing inputs and these comments are reflected in the filings made in 

this proceeding. 
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PUC-IR-307 
According to page 9 of the HECO Companies' proposed Tier 1 and Tier 2 Tariff and Agreement 

"The midpoint of Tier 2 total installed cost is roughly $2000/kW. To incorporate 
the full range of project costs, E3 also assessed costs on installed in-line hydro 
units in Hawaii. All three projects identified in the State have additional 
construction costs which represent an undefined portion of the total cost. Thus, 
the costs shown should represent a conservative high end. The actual installed 
projects do not show the clear economies of scale relationship seen in the cost of 
generation analysis. Other factors seem to drive the installed cost in these 
three cases-most likely siting/development-related costs." 

Please provide a full and detailed narrative explanation for your assumption that whatever 
factors driving the higher-than-expected installed capacity costs for past projects will not recur 
with future projects. On what basis do you conclude that these costs are anomalous? 

HECO Companies Response: 

The Companies have taken into account the costs of these known projects installed on the Island 

of Hawaii by including the data points in the analysis. Based upon the analysis discussed above 

in the information request, it is apparent that the projects represent the high end of potential 

installed costs. These projects include additional non-project related construction costs as 

discussed with Mike Maloney from SOAR Technologies who is familiar with these installations. 

Please see the details of these projects provided in the table below. Accordingly, while it was 

determined to be reasonable to include the average cost of these three installed projects to 

indicate a high end data point, there was not sufficient data to conclude that these projects would 

be typical of projects which may come on-line through the FIT Program. 
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SUMMARY OF 
HAWAII COUNTY IN-LINE HYDRO 
INSTALLATIONS AND OUTPUTS 

Customer 

Department of Water 
Waimea Treatment 
Plant 

Department of Water 
Kaioko 

Department of Water 
Kahaluu Shaft 

Type 

In-Line Hydro -
Pelton 

In-Line Hydro 
(micro turbine) -

Pelton Unit 

In-Line Hydro 
(micro turbine) -

Pelton Unit 

Size 
kW 

36 

45 

45 

Rate 
Schedule 

Schedule 
Q 

Schedule 
Q 

Net energy 
metering 

Est. Amount 

$250,000 

$500,000 

$480,000 

$/kW 

$6,944 

$11,111 

$10,667 

Comments 

Installed cost were higher due to 
additional construction needs related 
to existing water system 

Installed cost were higher due to 
additional construction needs related 
to existing water system 

Installed costs were higher ($620,000) 
due to using a design calling for two 
in line hydro units-only one 
generating unit was installed. 
Additional construction needs may 
have also contributed to the cost. 

Source: Mike Maloney, SOAR Technologies, (425) 861-8870, Woodinville, WA 
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PUC-IR-308 
Why are the Tier 1 CSP low and high LRDC figures in the first paragraph of page 11 of the 
HECO Companies' proposed Tier 1 and Tier 2 Tariff and Agreement the same as those in the 
third paragraph of page 11 , which assume the use of the 24.5% refundable state tax credit? 

HECO Companies Response: 

The LCOE cost range in the third paragraph is incorrect. The third paragraph on page 11 of the 

HECO Companies' proposed Tier 1 and Tier 2 Tariff and Agreement should read as follows: 

"It may be appropriate for CSP projects to also avail themselves of the 24.5% refundable state 

tax credit. With this assumption the LCOE for Tier 1 CSP projects ranges from $272/MWh on 

the low end to $390/MWh on the high end with installed costs between $8,500/kW and 

$ 10,600/kW. $331 is the midpoint of the range and is the proposed FTT rate for Tier 1 CSP 

projects utilizing the 24.5% refundable tax credit." 
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PUC-IR-309 
With respect to the third paragraph on page 11 of the HECO Companies' proposed Tier 1 and 
Tier 2 Tariff and Agreement, why is the midpoint of the Tier 1 range of the project LCOE higher 
than the "high" LCOE? Please clarify the correct figures in the paragraph, including the 
midpoint of the range, and clarify what assumptions are correct. 

HECO Companies Response: 

The LCOE cost range in the third paragraph is incorrect. The midpoint stated is correct. The third 

paragraph on page 11 of the HECO Companies' proposed Tier 1 and Tier 2 Tariff and 

Agreement should read as follows: 

"It may be appropriate for CSP projects to also avail themselves of the 24.5% refundable state 

tax credit. With this assumption the LCOE for Tier 1 CSP projects ranges from $272/MWh on 

the low end to $390AlWh on the high end with installed costs between $8,500/kW and 

$10,600/kW. $331 is the midpoint of the range and is the proposed FTT rate for Tier 1 CSP 

projects utilizing the 24.5% refundable tax credit." 
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PUC-IR-310 
Why did page 11 of the HECO Companies' proposed Tier 1 and Tier 2 Tariff and Agreement 
assume a 20-year debt term? Please provide evidence that this is the typical debt term for 
Tier I- and Tier 2-sized projects. 

HECO Companies Response: 

The debt term was assumed to be 20 years to match the term of the FIT Agreement, which is 

consistent with the guiding principles set forth in the Commission's September 25, 2009 

Decision and Order, incorporates a twenty year contract term. One of the purposes of the FIT is 

to reduce the risk associated with raising financing for the projects. Based upon discussions with 

industry representafives and project information available to the pricing development team, a 20-

year debt tenor was chosen. The assumptions were also discussed with the other parties to the 

FIT proceeding during the technical pricing workshop held in November, 2009, and they did not 

disagree. 
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PUC-IR-311 
According to Section 6(b) of the HECO Companies' proposed Tier 1 and Tier 2 rates; 
(b) The Company shall not be required to purchase energy during any period during which, 

due to operational circumstances, purchases from the Seller will result in costs greater 
than those which the Company would incur if it did not make those purchases, but 
instead, generated an equivalent amount of energy itself. The Company shall provide the 
Seller with at least twenty-four (24) hours advance oral or written notice of any such 
period to allow the Seller to cease the delivery of energy to the Company. The Company 
and the Seller will work to develop a mutually acceptable format for this notice, 
including, but not limited to, a listing of typical parameters that define anticipated 
constraints in purchases from the Seller. If the Company fails to provide such notice, it 
will pay the same rate for such purchase of energy as would be required had the period 
not occurred. Without limiting the foregoing, conditions when curtailment of energy 
delivery by the Seller maybe implemented by the company may include when, during 
excess energy conditions, the Company would have to (i) cycle off-line any Base Load 
Unit, or (ii) remove one or more components of a combined cycle unit (such as shutting 
off one combustion turbine or one combustion turbine and the steam turbine of a dual-
train combined cycle unit (consisting of two combustion turbines and one steam turbine» 
in order to purchase energy from the Seller. The Company shall not curtail pursuant to 
this Section 6(b) of the Agreement solely as a consequence of the Company's filed 
Avoided Energy Cost Data being lower than the applicable energy payment rate paid to 
the Seller under this Agreement. 

(a) Do any Commission regulations or portions of the D&O in this docket authorize 
HECO to curtail as-available renewable resources for economic reasons? Please 
cite any such provisions. 

(b) Do the HECO Companies currently curtail renewable energy units for economic 
reasons? If so, describe (1) the reasons for such curtailment, (2) what units are 
typically curtailed, and (3) the frequency of such curtailment. 

(c) How did the HECO Companies factor potential curtailment into the capacity 
factor data used to calculate rates? What percentage of otherwise available hours 
for each technology and size tier do the HECO Companies project that they would 
curtail? 

HECO Companies Response: 

The citation is from Section 6(b) of the HECO Companies' proposed Schedule FIT Tier 1 and 

Tier 2 Agreement. This Section is drafted to conform to similar sections in power purchase 

agreements ("PPA") negotiated between a HECO Company utility and an independent power 

producer, and which were approved by the Commission. (See, for example the MECO-Kaheawa 

Wind Power, LLC PPA, Section 6(b), approved by the Commission in D&O No. 21701 in 
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Docket No. 04-0365; and the MECO-Lanai Sustainability Research, LLC PPA, Section 6(b), 

approved by the Commission in a Decision and Order dated October 31, 2008 in Docket No. 

2008-0167.) This is consistent with the following direction from the Commission's September 

25, 2009 Decision and Order ("Decision and Order"): "[e]xcept where the commission has 

dictated specific terms and conditions, the terms and conditions of the standard offer contracts 

should, to the extent possible, closely match those of existing negotiated PPAs." (Decision and 

Order at 87). 

(a) The authorities for Section 6(b) of the proposed Schedule FIT Tier 1 and Tier 2 

Agreement, and for similar sections in previously approved PPAs are Hawaii 

Administrative Rules Title 6, Chapter 74, Section 6-74-24 (Periods during which 

purchases not required), 18 CFR Part 292, Section 292.304(f) (Periods during 

which purchases not required), and Federal Energy Regulatory Commission Order 

No. 69 (Final Rule Regarding The Implementation Of Section 210 Of The Public 

Utilities Regulatory Policies Act Of 1978). The HECO Companies interpret these 

authorities as not allowing the utility to curtail as-available renewable resources 

for economic reasons. This is consistent with Section 6(c) of the proposed 

Schedule FTT Tier 1 and Tier 2 Agreement which expressly provides that Section 

6 "is not intended to permit the Company to require the Seller to curtail, interrupt 

or reduce deliveries of energy based on the Company's economic dispatch (for 

example, as a consequence of the Company's filed Avoided Energy Cost Data 

being lower than the applicable energy payment rate paid to the Seller under this 

Agreement, or to make purchases of less expensive energy from a Qualifying 
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Facility or other facility)." 

(b) No. The PPAs for as-available renewable energy facilities do not have provisions 

for curtailment of output for economic reasons. 

(c) The HECO Companies did not factor potential curtailment into the capacity 

factors used to calculate rates. Additionally, through its Decision and Order at 

Page 71, the Commission stated that it "will not establish a compensation 

mechanism for curtailment of FIT projects at this point in time. The commission 

may revisit the curtailment issue during any subsequent periodic reexamination of 

the FIT process." 



PUC-IR-312 
DOCKET NO. 2008-0273 
PAGE 1 OF 2 

PUC-IR-312 
According to the HECO Companies' Tier 1 and Tier 2 proposal: 

"The energy payment rates specified in paragraph G(I) are based on the 35% 
Hawaii state renewable energy technologies income tax credit as prescribed in 
the Hawaii state tax code, Hawaii Revised Statutes ("HRS") Section 235-12.5. 
If the Seller provides written documentation at the time of application under this 
Schedule FIT that the Seller will elect the tax credit refund provision for solar 
energy technologies as provided in HRS Section 235- 12.5(g), and prior to 
the Conmfiercial Operation Date provides a copy of the actual tax filing to the 
Sate Department of Taxation documenting this election, the Company shall pay 
for each kilowatt-hour ("kWh") of electric energy delivered to the Company by 
Seller as follows." 

According to DBEDT's website: 

Ava i l ab le T a x Cred i t s 

Setar 'nsraur i 
System (solar 
water heaters) 
3S%t»Kcred& 

^^ f l j o r t imp^ 
ThctBllafl m f l p l f f f i H l 

iasGzvkeafia 
A i ^ 1,2000 

Stngte&milpiesidesiUlpnqia^ 1536 of actual 
cost or $2^25p»iE!diidtever i& less. 

MnltiHEBinity rr^Histtfal property. 3S%ofactafll 
cost or $350pBirim^ tddctever is leas. 

Commesdal pni|Haly. 3594 o f actnal cost or 
92SO|,0bpi i dnd ine r is tess. 

2b%taxcxedit 
EffiaisffijDsia 
fiiscafied and placed 
iO-senicB afisT 
Jtd71,2006 

Stegte fBJoSfy fwlifmtial prcpgny; 30%ofactasl 
cost or Slg500y n^tSdurvat is Itts^ 

^tiSAiBx£ty restdesOBl pn^peay.: 20% o f actual 
cost or 1200 pcarimi^^idiidiBVK is lest. 

r iwitniwdal property: 20% of actnal cost or 
9500,000,5diidunrv is loss. 

notoToUafe^V) 
iSystem 
3594 tax. oBdit 

iff^^npd Bttfl piBifgd 
iasBvice'i 
jQir i ,2dot f 

MnbiplB oonaets o f a s i n ^ sysiBii Onlsi tt&a* 
mal, PV, or istod) aie cnfiOed ta a single tax 
csfidit tfiBt sitau be i^iuil ioned batwasi ihB 
oWBets' n pippoitfBtt.to Acsr con&Qaitfoii.tD 
tbs cost o f ibe ̂ nteoi.. 

SiPfltefinnflywwid#BiMpigpeiiy, 3596ofactQal 
cost or S^OOI^yViiicltsnTk less. 

i&dtlrflBnay i r t i JHitfa ptapaty: 3SK of actnal 
cost or $350 pa^m l ^ tgtbJwvcT is tess. 

Oumnaniai faopeity: 3S9k o f actnal cost or 
tSObfiOO, vAdtlbaKa k less. 
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Many residential solar PV projects cost roughly $30,000, so the tax credit, which caps at $2,250 
for single-family homes, would not cover 35% of total costs as calculated (or even $24.5%). 
The same dynamic could occur for larger PV as well as wind systems. How do rate calculations 
consider caps on state tax credits? 

HECO Companies Response: 

The HECO price proposal was qualified to state that the 35% state tax credit was applied only to 

the calculation of PV and CSP FTT prices. A 20% tax credit was applied to wind systems and no 

tax credit was applied to in-line hydro systems. For PV pricing purposes, it was assumed that 

customers (including residential customers) who install PV systems will design and install a 

sufficient number of inverters to obtain the maximum credit of 35% since each PV paneVinverter 

system constitutes an independent energy generating system subject to the credit cap per the 

Hawaii State Department of Taxation. FTT pricing for commercial wind systems included only a 

single cap of $500,000. 
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PUC-IR-313 
According to page 62 of the D&O: 

"In reviewing the record, the commission finds that FIT rates 'should support a 
typical or average project that is reasonably cost-effective... " 
According to page 9 of the HECO Companies' Tier 1 and Tier 2 FiT proposal: 
"For Tier 1 projects with a capacity factor higher than 26%, which targets 
better wind sites and more cost effective projects, the LCOE ranged from 
$117/MWh on the low end to $205/MWh on the high end with installed costs 
between $5000/kW and $7000/kW and capacity factors between 26-32% 
(with losses included). $ 161 is the midpoint of the range and is the proposed 
FIT rate for Tier 1 wind projects... The definition targets low environmental 
impact hydro projects. Selecting the middle range of capacity factor focuses 
the rate on more cost-effective opportunities." 
(emphasis added) 

Provide comparative calculations for average projects. 

HECO Companies Response: 

The pricing analyses conducted by the Companies were designed to utilize capacity factors 

which target average or typical projects that take advantage of the wind resources that are 

available in Hawaii. Hawaii has abundant wind resources at or above class 3/4 wind as defined 

at a 30m hub height. The Companies' initial analysis considered a full range of installed costs, 

operating costs, capacity and other factors. In order to ensure that FIT projects would also be 

reasonably cost effective, it was necessary to narrow the range based on key sensitivity factors. 

This included excluding low capacity factor wind projects with non-typical wind resources for 

Hawaii which would increase the overall FIT rate and unnecessarily provide excessive profits to 

some project developers at the expense of ratepayers. 

The definition of an in-line hydro project was developed collaboratively by the FIT 

parties to be "hydroelectric generation that utilizes energy from a water pipeline system that is 

designed primarily to serve another functional purpose where a section of pipeline is replaced 

with a turbine generator section. In-line hydroelectric generation does not include (a) pumped 
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storage hydroelectric generation, (b) run of the river hydroelectric generation or (c) any system 

using the energy from water from a new (after January 1, 2009) diversion from any river or 

stream." This definition targets low environmental impact hydro projects. The middle range 

capacity factor (in-line hydro capacity factors range from 10-90%) represents the average 

project. To be fair to rate payers, capacity factors below 50% should not be included as they 

would not be encouraging "typical", average, or reasonably cost effective projects. 
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PUC-IR-314 
According to the HECO Companies' proposed Schedule FIT Tier 1 and Tier 2 Tariff and 
Agreement: 

"Except with the written consent of the Company, which consent shall not be 
unreasonably withheld, each physical address (defined as a single residential 
address or a single tax map key if a commercial or industrial facility) may not 
have more than one Facility of the same technology type contracted under this 
Schedule FIT." 

Under what specific conditions would the HECO Companies allow or withhold consent for 
multiple facilities of the same type? Why is this "one facility" limitation necessary and in the 
public interest? 

HECO Companies Response: 

The primary reason for the "one facility" limitation is to avoid the situation where a developer 

otherwise capable of developing a single 500 kW project at a specific location at a Tier 2 rate, 

instead seeks to develop 25 20 kW projects at the same location to take advantage of a higher 

Tier 1 FTT rate. In discussions with the parties during the technical sessions in this proceeding, 

the parties largely agreed that this type of "gaming" should be prevented but also acknowledged, 

along with the Hawaiian Electric Companies, that this type of "anti-gaming" provision should 

not preclude developers that legitimately qualify under the FIT Program from developing 

projects. Because, after some discussion with the parties, it was recognized that it would be 

difficult to draft a provision which prevents gaming in every situation but also allows every 

legitimate development to go forward, the language cited above was developed. The goal of the 

provision would be to have a standard in place to restrict gaming but also provide the utility with 

the reasonable discretion to allow legitimate projects. 
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PUC-IR-315 
According to the HECO Companies' proposed Schedule FIT Tier 1 and Tier 2 Tariff and 
Agreement: 

"E^irsuant to Section 5 (Personnel and Company System Safety) and Section 6 
(Continuity of Service) of the Agreement, the Company may at times have limited 
ability to integrate energy produced by the Seller into the Company System for 
engineering and/or operating reasons and may be required to curtail energy 
deliveries by the Seller." 

Please provide a detailed list of the reasons for curtailment. Specify the reasons for which the 
HECO Companies have already curtailed renewable energy and which reasons are 
hypothetical. 

HECO Companies Response: 

Curtailments may be required for a number of reasons, including but not limited to the following: 

inability to accept energy due to system repairs/outages affecting the circuit to which the 

equipment interconnects; distribution or transmission system constraints such as voltage and/or 

power flow (ampere) limitations; management of the system during restoration and recovery 

from disturbances; power quality problems caused by the particular facility; and excess energy 

conditions when firm generation has been turned down or off to the extent allowable while still 

maintaining grid stability . Curtailments of renewable energy have been performed in actual 

operation for all of the foregoing reasons. 
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PUC-lR-316 
According to the HECO Companies' proposed Schedule FIT Tier 1 and Tier 2 Tariff and 
Agreement: 

"The Company shall install, maintain and periodically test such meters as the 
Company deems appropriate and shall be reimbursed by Seller for all reasonably 
incurred costs for such installation, maintenance and testing work." 

(a) Do the HECO Companies currently assess such charges to (a) customers, or 
(b) interconnected facilities from whom they purchase power? 

(b) Please estimate (a) the initial costs of meter installation, and (b) ongoing annual 
maintenance and testing work. 

(c) Are the costs described in Part B above included in the calculation of rates? If so, 
please describe how they are incorporated. If not, describe why they have been 
omitted from such rate calculations. 

HECO Companies Response: 

(a)(a) Per HECO Tariff Rule-11 (A)(2), a customer may request the Company to test their meter 

at no charge provided it is limited to no more than once in a 12 month period. 

(a)(b) Pertaining to the independent power providers (IPPs) from whom the Company 

purchases power, the Companies' power purchase agreements (PPA) with the providers 

call for the IPP to reimburse the Company for all reasonable costs associated with the 

annual meter replacement. These expenses include labor costs for meter programming, 

testing and for all field work needed to replace the meters. 

(b)(a) Historically, the initial installation costs including material, labor, and Company overhead 

is approximately $5,600 (see attached calculations). This cost is based on the following 

assumptions: 

1) That the Company will provide two high-end (Itron QIOOO) revenue meters, where one is 
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designated as an "A" (or primary) meter and the second is designated as a "B" (or 

backup) meter. 

2) The IPP supplies the associated instrument transformers (Current Transformers and 

Potential Transformers) necessary for the revenue metering application. 

(b)(b) Historically the labor costs for IPP meter replacements have ranged between $1,200 and 

$2,000 and are based on the number of meters that must be tested and replaced. 

(c ) The initial costs of meter installation and ongoing annual maintenance and testing work 

were not included in the FIT Tier 1 and 2 rates. It was assumed that for the FIT Tier 1 

and Tier 2 projects of 500 kW or less in size, the meter equipment and related costs 

would be borne by the HECO Companies, consistent with the practice with other energy 

purchase arrangements. 
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PUC-IR-317 
According to the HECO Companies' proposed Schedule FIT Tier 1 and Tier 2 Tariff and 
Agreement: 

"Seller shall provide or cause to be provided to Company on a timely basis, 
as reasonably determined by Company, all information, including but not limited 
to information that may be obtained in any audit referred to below 
(the 'Information"), reasonably requested by Company for purposes of permitting 
Company and Hawaiian Electric Industries. Inc. ("HEI") to comply with 
the requirements (initial and on-going) of (i) identifying variable interest entities 
and determining primary beneficiaries under the accounting principles of 
Financial Accounting Standards Board ("FASB") Accounting Standards 
Codification 810, Consolidation ("FASB ASC 810"); (ii) Section 404 of the 
Sarbanes-Oxley Act of 2002 ("SOX 404"); and (iii) all clarifications, 
interpretations and revisions of and regulations implementing FASB ASC 810 
and SOX 404 issued by the FASB, Securities and Exchange Commission, the 
Public Company Accounting Oversight Board, Emerging Issues Task Force or 
other governing agencies." 

(a) How could the above referenced reporting go beyond the reporting requirements 
listed in the Commission D&O? Provide a specific list as known or expected today. 

(b) What specific information might the Company require of residential solar and 
wind project owners? 

HECO Companies Response: 

(a) The above referenced provision is our standard provision which we include in all of the 

HECO Companies' purchase power agreements. Under the accounting guidance of 

FASB ASC 810 (formerly FASB Interpretation No. 46R, as amended by FAS 167), 

HECO will be required to consolidate the financial records of an entity' in HECO*s 

financial statements if HECO has a variable interest in the entity and if HECO is the 

primary beneficiary. 

In addition, in the event HECO is required to consolidate the entity onto its 

financial statements, HECO will need to review the entity's system of internal controls 

over financial reporting, under the requirements of SOX 404, including allowing our 
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external auditor to audit the entity's financial records. Among other things, SOX 404 

requires our chief executive officer and chief financial officer to make certifications with 

respect to the Company's (including the entity's, should consolidation be necessary) 

system of internal controls over financial reporting. 

(b) Sellers who are residential solar and wind project owners will not be required to provide 

information to HECO, in order to comply with the accounting guidance referenced above, 

unless these sellers have created a legal entity to contract with HECO. In the event that 

HECO will require information from an entity, Attachment A is an example of the 

information that we request of our independent power producers which we have executed 

power purchase agreements with. 

It should be noted that HECO has completed a preliminary consolidation analysis 

on the draft FIT agreement and accompanying rate schedule, and has concluded that it 

does not appear that the FIT agreement would result in HECO having a variable interest 

in the entity that HECO contracts with, and as a result, HECO would not be the primary 

beneficiary and consolidation would not be necessary. However, the preliminary analysis 

and conclusion are based on the review of the draft FIT agreement and accompanying 

rate schedule, which has not yet been approved and finalized by the Commission. HECO 

plans to re-perform its analysis when the FIT agreement and accompanying rate schedule 

are approved by the Commission. 

Forthe purposes of applying the accounting guidance of FASB ASC 810, an entity is defined as a separate 
legal structure used to hold assets or conduct activities. Examples include corporations, partnerships, 
trusts, LLCs, LLPs etc. 
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Attachment A 
Information Request List - May Not Be Complete 

COI\flPANY/PARTNERSHIP INFORMATION 

1. Original and latest amended Articles of Incorporation, partnership agreement or 
other governing documents 

2. Current ownership structure (by party along with party's ultimate parent) 
3. Information on all ownership and capitalization changes from inception to date 
4. Information regarding the activities of the company, including the assets utilized in 

the operations, the processes necessary for normal self-sustaining operations, and 
outputs of the operations. 

5. Information regarding activities of the Company which resulted in any of the 
following between inception to date: 

a. Change in entity's governing documents or contractual arrangement which 
result in change in partners investment at risk; 

b. Return of equity investment or some part thereof to the equity investors, and 
other interests becoming exposed to expected losses of the entity; 

c. Entity undertaking additional business activities or acquiring additional 
assets. 

6. Puts/calls held by any party and details thereof 
7. All material contracts (or summaries if the original contracts are not immediately 

available) of the Company in place since inception including side agreements, if 
any, but not limited to: 

a. Partnership/other equity-related agreements 
b. Debt and other borrowings documents; 
c. Material asset or stock acquisitions or dispositions; 
d. Documents under which guarantees or indemnities have been provided by 

the Company; 
e. Material supplier and customer contracts; 
f. Related party contracts and agreements; 
g. Documents related to material hedging activities; 
h. Contingent obligations and financial commitments; 
i. Leasing arrangements and off-balance sheet obligations; 
j . Management and Outsourcing contracts. 

FINANCIAL INFORMATION 
1. Complete Annual and Quarterly (if available) financial statements, including 

footnotes, from the inception of the power purchase agreement; 
2. Descriptions of the following obligations, preferably annually and quarterly (if 

available), from the inception of the power purchase agreement: 
a. On-balance sheet obligations; 
b. Lease obligations and commitments; 
c. Off-balance sheet commitments; 

Page 1 of 2 
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Attachment A 
Information Request List (continued) 

d. Contingent obligations; 
e. Collateral obligations. 

3. Cash flow estimates, preferably quarterly, over the life of the Power Purchase 
Agreement; 

4. The results of any evaluations that may have been made with respect to your 
Company's application of FASB ASC 810 to our agreement. 

Page 2 of 2 



PUC-IR-318 
DOCKET NO. 2008-0273 
PAGE 1 OF 2 

PUC-IR-318 
According to the HECO Companies' proposed Schedule FIT Tier 1 and Tier 2 Tariff and 
Agreement: 

"If any of the following conditions occur during the FIT Term, then the Company shall 
have the right to terminate this Agreement: 

(ii) The Seller makes a general assignment for the benefit of its 
creditors; 

(iii) The Seller files bankruptcy, has a petition for involuntary 
bankniptcy filed against it, or has a receiver appointed because of insolvency; 

(iv) The Seller's dissolution or liquidation..." 
Why should the HECO Companies have the right to terminate the Agreement in the event of the 
financial events listed above? What is the benefit to Hawaii ratepayers of such a right, and 
why would the HECO Companies or the ratepayers be harmed in its absence? Why would 
these contracts not be assigned to the HECO Companies' successor except as ordered by 
the Commission or bankruptcy court? Is this needed, or can the Commission or bankruptcy 
court make these decisions if insolvency occurs? 

HECO Companies Response: 

Through the Commission's September 25, 2009 Decision and Order in Docket No. 2008-0273, 

the Conmiission adopted twenty year contract terms for the FIT Program. (Decision and Order 

at 85). The Commission also determined that system caps for the initial FIT Program are an 

appropriate mechanism to limit potential ratepayer consequences and reliability impacts of a FIT 

Program. (Decision and Order at 54). 

Each of the enumerated provisions discussed in the information request concerns a 

fundamental change in the financial condition of the Seller. The cited provisions are necessary 

to help assure that the utility, on behalf of its ratepayers, is not locked into a twenty year 

agreement with a Seller that may no longer be financially capable of appropriately operating and 

maintaining its facility and equipment and/or standing behind its' financial obligations (e.g. 

Indemnification, Insurance) under the Agreement. Additionally, due to the fact that there is a 

limited amount of available FIT Program capacity, it is beneficial for ratepayers to have only 

viable and efficient projects as a part of the Program. If a Seller is not able to appropriately 
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maintain and operate its Facility, the utility should have the option of terminating the Seller's 

Agreement so that a financially sound Seller that is capable of reliably delivering energy may 

take its place. 

As the provisions in question concern the insolvency or bankruptcy of the Seller, it is 

assumed that the third question in the information request pertains to a potential assignment of 

the Agreement to the Seller's successor. While this may be a possibility, this type of assignment 

would provide no further assurances to the utility or ratepayers that the successor to the Seller's 

contract will be able to reliably maintain and operate the Facility. The more prudent option, if 

the utility were to exercise the right to terminate, would be for the next eligible Facility which 

has been appropriately vetted and identified through the utilities' Queuing and Interconnection 

Procedures, to come on-line. 
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PUC-IR-319 
Do the HECO Companies now curtail intermittent generators based on vintage, with newest 
generators curtailed first? If so, do the HECO Companies propose to continue this policy under 
their proposed feed-in tariff or move to a different policy? If not, in what order are generators 
currentiy curtailed and how, if at all, would that change under the feed-in tariff? 

HECO Companies Response: 

Curtailments that are necessary for reasons that directiy affect or are attributable to a particular 

facility, are performed as necessary for the particular reason requiring the curtailment and are not 

based upon any priority order. For excess energy conditions, all facilities contribute to the 

excess energy situation and curtailments at this time are generally performed according to the 

chronological seniority of the non-appealable Commission order approving the contract with the 

most recent chronological seniority date being the first curtailed, and deliveries under such 

agreements with the earliest chronological seniority date being the last curtailed. Details of the 

curtailment order for the HECO Companies are discussed in the HECO Companies' response to 

ZEL-IR-107 (b) filed March 1, 2010 in the subject proceeding. 

Under the feed-in tariff, it is proposed that sellers of energy may be curtailed for system reasons 

and those that are directiy attributable to the facility. In the case of an excess energy condition, it 

is anticipated that FIT resources would be subject to a curtailment policy similar to that 

described above. The details of the specific curtailment policy are presentiy in development by 

the HECO Companies. 
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PUC-IR-320 
Please describe any harm done to the HECO Companies or their ratepayers if project owners sell 
power elsewhere when they are curtailed. 

HECO Companies Response: 

If a FIT seller is curtailed because of excess energy on the system, it is because there is too littie 

system load to accept any additional generation, even after the output of other generators has 

been reduced (as applicable.) The harm is that the sale of energy during this period may 

exacerbate the excess energy situation by further reducing system load, and require more 

generation connected to the system to be curtailed. Curtailment of resources depending on the 

type of resource may also further increase costs. If the energy sold is renewable and displaces 

other firm renewables or less costly renewables, there may be cost impacts. Also the reserves 

generation needed to accommodate additional variable renewables may also be impacted due to 

the higher level of resource curtailment. 
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PUC-IR-321 
Please confirm or deny Solar Alliance's assertion that the SCADA trigger is now 1 MW but is 
proposed by MPC to be 0.5 MW and would also include "all other Facilities, regardless of size, 
where it is deemed, at the company's sole discretion, that an alternate means of curtailment is 
currentiy feasible." If so, please describe why the HECO Companies are changing the SCADA 
trigger and why it is necessary to have such procedures for projects below 1 MW. 

HECO Companies Response: 

One of the proposed modifications to Rule 14H filed in Docket No. 2010-0015 is to require 

SCADA for facilities larger than 0.5 MW for HECO and 0.25 MW for MECO and HELCO. The 

proposed amendment to modify the level at which SCADA will be required will allow the 

HECO Companies to have more visibility and control of FIT Tier 3 generating facilities where 

feasible (based on size of the interconnecting facilities). The HECO Companies have determined 

that with increasingly high penetration levels of variable generation, visibility and control is 

critical to the ability to determine necessary reserves, to control system balancing and frequency, 

and for system restoration. Requiring visibility and control will help mitigate the reliability 

impacts that are expected to occur with the anticipated large number of interconnected variable 

distributed generators that will come on-line through the FIT, Net Energy Metering and Standard 

Interconnection Agreements. The Companies' system operators need to maintain the balance of 

load to generation at all times. During system restoration procedures, balancing of the system is 

even more critical and the ability to control facilities of FIT Tier 3 size and larger will facilitate a 

more rapid retum to full system operation. As more variable generators are added to the system, 

it is critical to have information on what these generation systems are producing in order for the 

system operator to control the frequency and voltage of the entire grid. This will ensure prompt 

response to system abnormalities and the ability to manage both variable resources and the 

Companies' own generating units. 
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PUC-IR-322 
Please describe the service charges assessed to variously sized projects receiving power 
purchase agreements from the HECO Companies. 

HECO Companies Response: 

Most as-available PPAs which have been approved by the Commission include a $25.00 monthly 

service charge for the metering, biUing, and administration of the Seller's purchased power under 

the PPA. The 30 MW Kahuku Wind PPA (Docket No. 2009-0176) and the 6.642 MW Honua 

PPA (Docket No. 2010-0010) also contain the same $25.00 monthly charge. 

Monthly charges are slighUy lower for Schedule Q agreements (Qualifying Facilities of 

100 kW or less). As currently reflected in the Schedule Q tariffs for the Companies, the monthly 

service charges are $20 at HECO, and at MECO and HELCO $5 for single phase service and $10 

for three phase service. 
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PUC-IR-323 
Please describe the basis for the specific level of the $25-per-month service charge described in 
the HECO Companies' proposed Schedule FIT Tier 1 and Tier 2 Tariff and Agreement. 

HECO Companies Response: 

The proposed $25 per month service charge is the same as the amount provided for in other 

purchased power agreements for as-available energy. See also the response to PUC-IR-322. To 

confirm the reasonableness of the proposed amount, the Companies estimated the revenue 

requirement for a meter for this type of project. The calculation showed that on a levelized 

annual basis, the revenue requirement for the meter was $299, or approximately $25 per month. 
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PUC-IR-324 
Was the $25 service charge included in the HECO Companies' Tier 1 and Tier 2 
rate calculations? If not, why was this cost excluded? If so, how was it incorporated? 

HECO Companies Response: 

The $25 service charge was not included in the rate calculations. At the time that the FTT Tier 1 

and Tier 2 pricing was being developed, the service charge had not been finalized. Once the 

Companies receive the Commission's order on the Companies' FIT Tiers 1 and 2 Proposal, the 

Companies will be able to recalculate the rates to reflect the Commission's determination. 
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PUC-IR-325 
Do the HECO Companies' proposed Schedule FIT Tier I and Tier 2 Tariff and Agreement 
require developers to pay for interconnection costs on the utility side of the interconnection? 
If so, please describe (a) which costs (including transmission upgrades, distribution upgrades, 
and storage) the developer is responsible for, and (b) how such interconnection costs are 
incorporated in rate calculations. -

HECO Companies Response: 

It is anticipated that typical FIT Tier 1 and Tier 2 projects will not require any upgrades on the 

utility side of the interconnection. If a particular project requires infrastructure upgrades then the 

developer will be responsible for the associated costs in accordance with Tariff Rule 14H. 

Because the initial FIT rates were developed using typical project assumptions, no 

interconnection costs related to the utility side of the interconnection were incorporated in the 

rate calculations. 
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PUC-IR-326 
How are the interconnection requirements and cost allocation for the proposed Schedule FIT 
Tier 1 and Tier 2 Tariff and Agreement different from those typically borne by developers in 
negotiated power purchase agreements? 

HECO Companies Response: 

There are no differences in the interconnection requirements and cost allocation for the proposed 

Schedule FIT Tier 1 and Tier 2 Tariff and Agreement from those typically borne by developers 

in negotiated power purchase agreements. 
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PUC-IR-327 
According to the comments of the Solar Alliance, the proposed change to page 34A-8(d) and 
34D-6(a) imposing an additional limitation of 33 percent of the feeder minimum kW load during 
the period when the proposed generation is available would nullify the effect of increasing 
the maximum limitation from 10 to 15 percent. 
(a) Do you agree with this assessment? Why or why not? 
(b) What was the reason for the additional limitation of 33 percent of the feeder maximum? 

HECO Companies Response: 

The proposed 33 percent of feeder minimum kW load limitation during periods when the 

proposed generation is available was included to ensure that circuit reliability is not 

compromised. Without the proposed limitation, there may be situations where a proposed 

interconnection would negatively impact system reliability, however, because the 

interconnection meets the " 15% of the peak kva load of the feeder" standard, no further study is 

conducted to evaluate and reveal this circuit condition. For example, a circuit which primarily 

serves industrial customers lends to have a circuit peak during the day. Under this circumstance, 

the generation on that circuit could meet the 15% of peak kva load of the feeder standard. 

However, on a weekend day, while a PV resource (for example) is still generating, the load on 

that circuit will be much lower resulting in a much higher ratio of generation to load which 

would have to be studied to insure that interconnection of a resource does not cause reliability 

concerns. The 33% of feeder minimum kW load would capture this situation and allow an 

appropriate study to be done that would not be triggered solely by the 15% of peak kva load 

standard. The modification is derived from an IEEE 1547 (IEEE Standard for Interconnection 

Distributed Resources with Electric Power Systems) rule that is being used to identify potential 

problems with the interconnection of distributed generation to an electric power system, 

b. Please see the response to part a. 
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PUC-IR-328 
According to the comments of the Solar Alliance, "The proposed change on 34A-2(d) and 
the change to the Whereas clause on page 34(C)-1, deleting language that would allow an 
interconnection agreement to be modified to make both the customer and third-party owner or 
operators of a distributed generation ("DG") system party to an interconnection agreement," 
would eliminate third-party financing options. 
(a) Do you agree with this assessment? Why or why not? 
(b) What was the reason for this provision? What are the benefits to the Company or 

ratepayers of eliminating such financing arrangements; alternatively, what harm does 
their presence cause? 

HECO Companies Response: 

(a) The HECO Companies do not agree with this assessment and have no intention to 

eliminate third party financing options. The changes on Revised Sheet No. 34A-2 and 

the change to the Whereas clause on Revised Sheet No. 34C-1, which deletes references 

to a "third-party," is proposed to reflect the addition of a new Appendix II-A entitled 

"Standard Three Party Interconnection Agreement." See Sheet No. 34C-30. 

The new Appendix II-A provides a Standard Interconnection Agreement for cases where 

there are three parties - the Hawaiian Electric Company, the owner of the distributed 

generation system, and the customer of electric service, and would address third-party 

financing options. 

(b) The Standard Three Party Interconnection Agreement used in the new Appendix II-A is 

the same agreement currentiy provided upon request for projects with three parties. It is 

more convenient for the customer and the utility to have both the two-party and three-

party agreements in one Appendix (identified as Appendix n and Appendix H-A, 

respectively). Appendix II-A maintains the same provisions for any third-party financing 

options as the original Standard Three Party Agreement. 
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PUC-IR-329 
Please describe how the capacity factor-assu mptions in the HECO Companies' calculations of 
Tier 1 and Tier 2 CSP rates consider Hawaii-specific factors and performance. How 
representative is the data used for CSP systems in Hawaii? 

HECO Companies Response: 

Please refer to page 11 in the January 21, 2010 filing "HECO Comments on Alternative FIT 

Tariff for a narrative discussion of how the HECO Companies derived Hawaii specific capacity 

factors. Recently, the pricing team has found additional data from the NREL SAM model that 

supports the solar insolation adjustment from the best solar insolation in the Mojave desert (at 

Daggett) to Honolulu conditions. The analysis assumes a 25% reduction or 75% of the 

insolation in Hawaii as compared to Mojave. A NREL CPV report also provided on page 11 of 

the January 21, 2010 filing "HECO Comments on Altemative FIT Tariff provides a detailed 

capacity factor analysis for Los Angeles and Mojave. Los Angeles has a similar insolation 

profile as Hawaii. In fact, Los Angeles insolation is not as good as Hawaii's, thus the CPV 

estimate represents a conservative estimate. 
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PUC-IR-330 
Please provide underlying calculations and supporting calculations for all land-purchase or 
lease-cost assumptions used for the calculation of Tier 1 and Tier 2 rates. 

HECO Companies Response: 

The land/roof lease cost assumptions are outiined in the project pro formas in Attachment 4 of 

HECO's "Comments on Alternative FTT Tariff and Standard Agreement." 

On-Shore Wind and In-Line Hydro projects used a standard land lease rate of 2 - 4% of 

revenues on an annual basis. 

For CSP, a land lease rate of $ 10,000/acre/year was used, assuming that dish technology 

occupies 2 acres/MW and trough technology occupies 6 acres/MW. The comparable lease cost 

of $ 10,000/acre/year came from a lease between the Department of Hawaiian Home Lands 

(DHHL) and private developers. Other private land data was found on the public markets that 

were similar in cost. 

For PV and CPV systems, the projects are assumed to be roof mounted. Because there 

are as of yet no comparables from Hawaii for these kind of systems, the lease cost assumptions 

reflect transactions that have occurred on the Mainland where developers have rented roof space 

to provide power to utilities. A rental figure of $0. lO/square foot/year was used, which falls 

within the range of the roof rental rates observed. The sources of roof rental costs are discussed 

further on page 7 of HECO's "Schedule FTT Tier 1 and Tier 2 Tariff and Agreement" filed on 

January 7, 2010. The assumption is that 1 MW of installed capacity fits onto 100,000 square feet 

of roof space. 
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PUC-IR-331 
Did the HECO Companies' rate calculations include an escalator for land lease costs? K so, 
describe the size of the escalation. If not, please describe why such an escalation would be 
inappropriate. 

HECO Companies Response: 

The HECO Companies did not use an escalator for land lease costs in the rate calculations. It 

was assumed that a developer would be able to secure a flat-rate lease for a 20-year period. 

However, including a land lease escalator of 3%, compounded annually, and increasing the rental 

cost every five years over the course of the 20-year term does not have a significant effect on the 

resulting tariff (no more than $0.005/kWh). 
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PUC-IR-332 
HECO's proposed Schedule FIT Tier 1 and Tier 2 Tariff and Agreement wind projects would 
receive 16.1 and 13.8 cents per kWh respectively. Please describe the factors that would make 
these smaller wind projects more economical, thus featuring a lower rate than the recently 
signed agreement with the 30-MW First Wind facility, which includes compensation of 
17 cents per kWh with an escalator. 

HECO Companies Response: 

The HECO Companies' proposed Schedule FIT Tier 1 and Tier 2 Tariff and Agreement includes 

pricing for onshore wind projects that was developed with the adapted Black & Veatch Levelized 

Cost of Generation (LCOE) model and the methodology presented at the FIT Technical 

Workshop on November 18, 2009, and subsequent meetings of the parties prior to the filing with 

the Commission on January 7, 2010. A mid-point of the range of scenario pricing for each FIT 

Tier was selected. In general, cost assumptions for smaller wind projects reflect simpler projects 

with a development time of less than one year, lower equipment delivery costs, development, 

construction, and permitting costs, as compared with relatively larger onshore wind projects. 

The 30-MW First Wind (Kahuku Power) facility, as with other Independent Power 

Producers that sign bilateral contracts (Power Purchase Agreements) with the HECO utilities for 

large-scale projects, has a negotiated pricing structure. The pricing in the Kahuku Power case 

reflects the complexities of multi-year development, including design and engineering, permits 

and approvals, site acquisition and preparation, civil improvements, access road, temporary use 

of specialized cranes (brought in from the mainland) for erection of 1.5 MW turbines (or 

similar), any environmental mitigation measures, interconnection with the electric grid, 

operational requirements, and communications and monitoring. 

Smaller projects may also be subject to unique site-specific costs, for example, a FIT 

Tier 3 wind project located in the same area as the Kahuku Power project could also experience 
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significant permitting, civil work, and line extension costs, in which case it is probable that the 

energy pricing needed for the project would be significantiy higher than the proposed FIT Tier 3 

wind rate. 
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PUC-rR-333 
Do owners of Tier 1 projects, such as residential PV solar systems, typically use debt to finance 
projects? If so, is such debt financing available? If so, under what typical debt rates and terms? 
If not, what are the typical sources for financing Tier 1 projects? 

HECO Companies Response: 

There are many ways in which to finance PV systems, including residential PV systems. Some 

of the options for financing residential systems include taking out a home equity line of credit, 

taking out a standard bank loan, or financing the project out of pocket. However, for the 

purposes of setting the PV FIT rates, the HECO Companies assumed that Tier 1 and 2 systems 

would be financed as commercial installations with a debt and equity component (and a resulting 

Weighted Average Cost of Capital - WACC) in order to take full advantage of commercial tax 

benefits for renewable energy and reduce costs to the ratepayers. Because of that, typical solar 

PV conmiercial project financing assumptions were used and are relevant for Tier 1 and Tier 2 

projects. The financing assumptions were set at 35% debt in the capital structure with a rate of 

9% and 65% equity in the capital structure with a rate of 11%. These numbers are in the middle 

of the range of financing costs that have been observed in the market and result in a Weighted 

Average Cost of Capital (WACC) of 9.0% after taxes. There are several types of banks that 

provide loans for commercial projects, but typically local community banks are best suited to 

lend debt to projects of this size. 
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PUC-IR-334 
Under the HECO Companies' proposed model, would the total cash flow for any of the 
proposed Tier 1 and Tier 2 rates be negative for a calendar year? Please describe any such 
instances. 

HECO Companies Response: 

Yes, generally the annual cash flows become negative after the large renewable energy tax 

benefits (credits and accelerated depreciation) are used up in the first 6 years. This is partly due 

to the prescribed fixed price that does not follow annual net cash flow. 
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PUC-IR-335 
Did the HECO Companies assume the same wind speed and thus capacity factor for Tier 1 and 
Tier 2 wind projects? Would such projects have different elevations such that they would 
experience different wind speeds? How would the wind speeds differ for Tier 3 projects based 
on hub height? 

HECO Companies Response: 

The Hawaiian Electric Companies provided a detailed narrative of the capacity factor 

assumptions for Tier 1 and Tier 2 wind projects in its "Comments on Alternative FIT Tariff and 

Standard Agreement" under Docket No. 2008-0273 filed on January 21, 2010. A range of hub 

heights and wind speeds were considered in developing the range of capacity factors. The 

analysis developed an initial range using NREL's Mid-Scale Wind Study which provided kWh 

production profiles for different wind class levels and sizes of turbines and towers (a 10 kW 

Bergey turbine, a 50 kW EW-15 turbine, and a 100 kW Northern Power turbine). The ranges of 

kWh production and their associated derived capacity factors were cross checked with 

manufacturer power curves and wind speed assumptions. The range of wind speeds used to 

calculate capacity factors from the manufacturer power curves was 12-16 mph. The tower 

choice, not the turbine size generally determines the access to the higher wind speeds. All of the 

turbines could be mounted on towers up to 30 meters and some could be mounted on higher 

towers. The derived capacity factors were within the range provided in the NREL study for Tier 

2. However, the Bergey turbine's power curve and detailed excel windcad model produced 

higher capacity factors to define the high end of the range at 34% for Tier 1. The wind speed for 

this calculation was 15.5 mph. Please see quoted text below from the January 21, 2010 fiUng 

"Comments on Altemative FIT Tariff and Standard Agreement" for more information: 
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"'Capacity factors were derived from NREL's 2008 Mid-Scale Wind Study which provides the 

kWh of production for different wind class levels and different turbine sizes ("An Analysis of the 

Technical and Economic Potential for Mid-Scale Wind," Kwartin, Wolfrum, Granfield, Kagel 

andAppleton, 2008 (http://www.nrel.gov/wind/pdfs/midscale_analysis.pdf)). E3 calculated the 

capacity factor for class 4 and above which resulted in 18-24% for turbines within Tier 1 and 

27%-45%for turbines within Tier 2. 

In addition, E3 reviewed manufacturer wind power curves which produced results that were 

within the range for Tier 2 but extended the range for Tier 1. In particular, the current 

specifications for a lOkW Bergey defined the high end of the Tier I range at 34% capacity factor 

using the Bergey WindCad model 10 kW Excel-S (Grid-Intertie) and using wind resource 

assumptions at the high end of the range at 15.5+ mph assuming a 30 meter hub height. The 

Hawaii specific wind resource map shows a significant amount of wind resource over at 14+ 

mph. The 30m resource map can be found here: 

http://www.state.hi.us/dbedt/ert/wwg/windy.htmWoahu. The capacity factors used in the analysis 

included typical losses from shear, blade contamination, turbulence and maintenance." 

Wind speed is directiy correlated with hub height. Tier 1 and Tier 2 turbines were available on 

towers between 10m-40m. Tier 3 generally represents much larger turbines between lOOkW-

5MW in size. Due to other project costs and installation costs (including special cranes for 

turbine and tower erection), the high end of this range may not be practical. However, even the 

turbines from 250-lOOOkW typically have much taller towers. However, the expected tower 

height range for these turbines is from 40-70m. The Vestas 850kW turbine comes with towers 

ranging from 44m-74m. Fuhrlander's 600kW turbine comes with either a 50m or 75m tower. 

Fuhrlander's 250kW turbine comes with either a 42m tower or a 50m tower. Accordingly, the 

Hawaiian Electric Companies will look at 50m wind resource maps for Tier 3 versus the 30m 

maps used for Tier 1 and Tier 2 to develop a range of wind speeds. 

http://www.nrel.gov/wind/pdfs/midscale_analysis.pdf
http://www.state.hi.us/dbedt/ert/wwg/windy.htmWoahu
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